DETAILED COSTING DOCUMENT FOR THE CWT POINT SOURCE CATEGORY

In this document, EPA presents the costs estimated for compliance with the proposed CWT
effluent limitations guiddlinesand standards. Section 1 provides agenerd description of how theindividua
trestment technol ogy and regulatory option costs were developed. In Sections2 through 4, EPA describes
the development of costs for each of the wastewater and dudge trestment technologies.

In Section 5, EPA presents additional compliance costs to be incurred by fadilities, whichare not
technology specific. Theseadditiona itemsareretrofit costs, monitoring costs, RCRA permit modification

costs, and land costs.

SecTioNn 1 CosTtsS DEVELOPMENT

1.1  Technology Costs

EPA obtained cogt information for the technologies sdlected from the following sources:

C the data base devel oped fromthe 1991 Waste Treatment Industry (WTI) Questionnaire responses
(This contained some process cost information, and was used wherever possible),

C technica information developed for EPA rulemaking efforts such as the guideines and standards
for:the Organic Chemicds, Plagtics, and Synthetic Fibers (OCPSF) category, Metal Products and
Machinery (MP&M) category, and Industrid Laundries industries category,

C engineering literature,

C the CWT sampling/mode facilities, and

C vendors quotations (used extensively in estimating the cost of the various technologies).

Thetotal costs developed by EPA includethe capital costs of investment, annud O& M costs, land
requirement cogts, dudge disposal costs, monitoring costs, RCRA permit modification cogts, and retrofit
costs. Because 1989 isthe base year for the WTI Questionnaire, EPA scded dl of the costs elther up
or down to 1989 dollars using the Engineering News Record (ENR) Construction Cost Index.
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EPA based the capitd costs for the technologies primarily on vendors quotations. The standard
factorsused to estimate the capita costsareligedinTable 1-1. Equipment coststypicaly includethe cost
of the treetment unit and some ancillary equipment associ ated withthat technology. Other investment costs
in addition to the equipment cost include piping, instrumentation and controls, pumps, instdlation,
engineering, ddlivery, and contingency.

Table 1-1. Standard Capita Cost Algorithm

Factor Capita Cost
Equipment Cost Technology-Specific Cost
Ingdlation 25 to 55 percent of Equipment Cost
Fiping 31 to 66 percent of Equipment Cost
Instrumentation and Controls 6 to 30 percent of Equipment Cost

Equipment + Ingtdlation + Fiping

Total Construction .
otal Construction Cost + |ngrumentation and Controls

Enginering 15 percent of Total Construction Cost
Contingency 15 percent of Total Construction Cost
Total Indirect Cost Engineering + Contingency

Total Construction Cost + Totdl Indirect

Total Capital Cost Cost

EPA edimated certain design parameters for costing purposes. One such parameter isthe flow
rate used to Sze many of the treetment technologies. EPA used the total daily flow in dl cases, unless
gpecificdly stated. Thetotd daily flow represents the annud flow divided by 260, the stlandard number
of operating daysfor a CWT per year.

EPA derived the annua O&M cods for the various sysems from vendors information or from
enginesring literature, unlessotherwise stated. Theannua O& M costs represent the costs of maintenance,
taxes and insurance, labor, energy, treetment chemicals (if needed), and resduas management (<o if
needed). Table 1-2 lists the standard factors EPA used to estimate the O& M costs.
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Sections 2 through 4 present cost equations for capital costs, O& M costs, and land requirements
for each technology and option. EPA aso developed capital cost upgrade and O&M cost upgrade
equations. EPA used these equationsfor facilitieswhich aready have the treetment technology forming the
basis of the option (or some portion of the treatment technology) in-place.

Table 1-2. Standard Operation and Maintenance Cost Factor Breakdown

Factor O&M Cost (1989 $/YR)
Maintenance 4 percent of Total Capital Cost
Taxes and Insurance 2 percent of Total Capita Cost
Labor $30,300 to $31,200 per man-year
Electricity $0.08 per kilowatt-hour
Chemicds

Lime (Cacium Hydroxide) $57 per ton

Polymer $3.38 per pound
o u?(()il)um Hydroxide (100 percent $560 per ton

Sodium Hydroxide (50 percent solution) $275 per ton

Sodium Hypochlorite $0.64 per pound

Sulfuric Acd $80 per ton

Aries Tek Ltd Cationic Polymer $1.34 per pound

Ferrous Sulfate $0.09 per pound

Hydrated Lime $0.04 per pound

Sodium Sulfide $0.30 per pound
Resduds Management Technology-Specific Cost

Maintenance + Taxes and Insurance +

Total O&M Cost Labor

+ Electricity + Chemicds + Resduds
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1.2  Option Costs

EPA devel oped enginearing costs for each of the individua trestment technol ogieswhichcomprise
the CWT regulatory options. These technology-specific costsare broken down into capita, O&M, and
land components. To estimate the cost of an entire regulatory option, it is necessary to sum the costs of
the individua trestment technol ogies which make up that option. In afew instances, an option congsts of
only one treatment technology; for those cases, the option cost isobvioudy equal to the technology cost.
The CWT subcategory technology options are shown in Table 1-3. The treatment technologies included
in each option are listed, and the subsections which contain the corresponding cost information are
indicated.

EPA genadly cdculated the capital and O&M costs for each of the individua treatment
technologies usng aflowrate range of 1 galonper day to five million gdlons per day. However, the flow
rate ranges recommended for use in the equations are in a smaller range and are presented for each cost

equation is Sections 11.2 through 11.4 of the Development Document for the CWT Point Source
Category.

Table1-3. CWT Treatment Technology Costing Index - A Guide to the Costing

Methodology Sections
Subcategory/ .
Option Treatment Technology Section
Sdective Metds Precipitation 211
Pate and Frame Liquid Filtration 221
Metdls 2 Secondary Chemica Precipitation 212
Claification 2.2.2
Pate and Frame Sludge Filtration 4.1
Filter Cake Disposa 4.2
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g:)t:ics:legory/ Treatment Technology Section
Sdective Metds Precipitation 211
Mate and Frame Liquid Filtration 221
Secondary Chemica Precipitation 2.1.2
Claification 222
Metas 3 Tertiary Chemical Precipitation and pH Adjustment 2.1.3
Clarification 2.2.2
Pate and Frame Sudge Filtration 4.1
Filter Cake Disposal 4.2
Primary Chemical Precipitation 214
Claification 222
Metals 4 Secondary (Sulfide) Chemical Precipitation 215
Secondary Clarification (for Direct Dischargers Only) 222
Multi-Media Filtration 2.5
Pate and Frame Sudge Filtration * 4.1
Metas - Cyanide
Waste Cyanide Destruction at Specia Operating Conditions 2.6
Pretreatment
Qils8 Dissolved Air Flotation 2.8
_ Dissolved Air Flotation 2.8
Qils8v Air Stripping 2.4
Oils9 Secondary Gravity Separation 2.7
Dissolved Air Flotation 2.8
Secondary Gravity Separation 2.7
Oils 9y Dissol\./ed.Air Fotation 2.8
Air Stripping 2.4
, Equdization 2.3
Organics 4 Sequencing Batch Reactor 31
Equdization 2.3
Organics 3 quuer.m r?g Batch Reactor 31
Air Stripping 2.4

* Metals Option 4 sludge filtration includes filter cake disposal.
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1.2.1 Land Requirements and Costs

EPA cdculated land requirements for each piece of new equipment based on the eguipment
dimensons. The land requirements include the total area needed for the equipment plus peripherds
(pumps, controls, access aress, €tc.). Additionally, EPA included a 20-foot perimeter around each unit.
In the cases where adjacent tanks or pieces of equipment were required, EPA used a 20-foot perimeter
for each piece of equipment, and configured the geometry to give the minimum arearequirementspossible.
Theland requirement equations for each technology are presented throughout Sections 2 to 4. EPA then
multiplied the land requirements by the corresponding land costs (as detailed in 5.4) to obtain facility
gpecific land cost estimates.

1.2.2 Operation and Maintenance Costs

EPA based O& M costs on estimated energy usage, maintenance, labor, taxesand insurance, and
chemica usage cost. With the principa exception of chemica usage and labor costs, EPA caculated the
O&M costs usng a single methodology. This methodology is relatively consstent for each trestment
technology, unless specificaly noted otherwise.

EPA’s energy usage costs include dectricity, lighting, and controls. EPA estimated electricity
requirements a 0.5 kWhr per 1,000 gdlons of wastewater treated. EPA assumed lighting and controls
to cost $1,000 per year and electricity cost $0.08 per kWhr. Manufacturers recommendations form the
bassof these estimates.

EPA based maintenance, taxes, and insurance on a percentage of the total capita cost as detailed
in Table 1-2.

Chemicd usage and |abor requirements are technology specific. Thesecostsare detailed for each
specific technology according to the index given in Table 1-3.
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SECTION 2 PHysicaL/CHEMICAL WASTEWATER TREATMENT TECHNOLOGY COSTS

2.1  Chemical Precipitation

Wastewater treatment fadilities widdy use chemica precipitation sysems to remove dissolved
metas from wastewater. EPA evauated sysems that utilize sulfide, lime, and caudtic as the precipitants
because of their common usein CWT chemica precipitation sysems and their effectivenessin removing
dissolved metals.

2.1.1 Selective Metals Precipitation - Metals Option 2 and Metals Option 3

The sdective meds precipitation eguipment assumed by EPA for cogsting purposes for Metds
Option2 and Metds Option 3 consists of four mixed reaction tanks, each sized for 25 percent of the total
daily flow, with pumps and trestment chemica feed systems. EPA costed for four reaction tanksto alow
a fadlity to segregate its wastes into smdl batches, thereby facilitating metas recovery and avoiding
interference with other incoming waste receipts. EPA assumed that these four tanks would provide
adequate surge and equalization capacity for ametas subcategory CWT. EPA based costson afour batch
per day treetment schedule (that is, the sum of four batchvolumeseguals the facility'sdaily incomingwaste
volume).

Asshown in Table 1-3, plate and frame liquid filtration follows sdective metas precipitation for
Metals Options 2 and 3. EPA has not presented the costing discussion for plate and frame liquid filtration
inthis section (consult Section2.2.1). Likewise, EPA has presented the discussion for dudgefiltration and
filter cake disposd in Sections 4.1 and 4.2, respectively.

Capital and Land Costs
EPA obtained the equipment capital cost estimates for the selective metds precipitation systems
fromvendor quotations. These cogtsincludethe cost of the mixed reaction tankswith pumpsand trestment
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chemicd feed sysems. Because only one facility in the metals subcategory has sdective precipitation in-
place, EPA included sdective metds precipitation capital costs for dl fadilities (except one) for Metas
Options 2 and 3. Thetota congtruction cost estimatesindudeingdlation, piping and instrumentation, and
controls. The tota capital cost includes engineering and contingency fees at a percentage of the tota
congtruction cost (as shown in Table 1-1).

Table 2-1 presents the itemized total capital cost estimates for the selective metals precipitation
trestment systems while Figure 2-1 presents the resulting cost curve. The tota capita cost equation for
the Metals Options 2 and 3 sdlective metals precipitation is:

In(Y1) = 14.461 + 0.544In(X) + 0.0000047(In(X))? (2-1)
where:

X = How Rate (MGD) and

Y1 = Capital Cost (1989 $).

Table2-1. Totd Capitd Cost Estimates for Sdlective Metals Precipitation -

Metas Options 2 and 3
Flow Equip. Installation Piping Instrument. & Engineer. Total
(MGD) Controls & Capital Costs
Conting. (1989 9)
0.000001 410 143 123 123 240 1,038
0.00001 1,433 502 430 430 839 3,634
0.001 17,554 6,144 5,266 5,266 10,269 44,499
0.01 61,428 21,500 18,429 18,429 35,936 155,721
0.1 214,966 75,238 64,490 64,490 125,755 544,938
0.5 515,951 180,583 154,785 154,785 301,831 1,307,936
10 752,262 263,292 225,679 225,679 440,073 1,906,983
50 1,805,546 631,941 541,664 541,664 1,056,245 4,577,060
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Treatment Technology Costs
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Figure2-1. Tota Capitad Cost Curve for Selective Metals Precipitation -
Metas Options 2 and 3

Table 2-2 presents the land requirementsfor the sdlective meta preci pitationtrestment systems and
Figure 2-2 presents the resulting cost curve. The land requirement equation for Metas Options 2 and 3
sective metds precipitation is

In(Y3) = -0.575 + 0.420In(X) + 0.025(In(X))? (2-2)
where:

X = Flow Rate (MGD) and

Y 3 = Land Requirement (Acres).
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Table 2-2. Land Requirement Estimates for Selective Metas Precipitation -
Metals Options 2 and 3

Flow (MGD) Area Required (Acres)
0.016 0.1413
0.0284 0.164
0.06 0.25
0.2 0.342
04 0.376
1.0 0.517
2.0 0.59
3.0 0.92
4.0 1.322

Chemical Usage and Labor Requirement Costs

10

Land Requirement (Acres)
(==Y
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0.01 0.1 1 10
Flow (MGD)

Figure 2-2. Land Requirement Curve for Selective Metds Precipitation - Metas Options 2 and 3
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EPA based the labor requirements for sdective metas precipitation on the modd facility’s
operation. EPA estimated thelabor cost at eight man-hours per batch (four trestment tanks per batch, two
hours per trestment tank per batch).

EPA edsimated selective metdls precipitation chemica costs based on stoichiometric, pH
adjustment, and buffer adjustment requirements. For facilities with no form of chemicd precipitation in-
place, EPA based the stoichiometric requirements on the amount of chemicas required to precipitate each
of the metal and semi-metd pollutants of concern from the metals subcategory average raw influent
concentrationsto current performance levels (See Chapter 12 of the Development Document for the CWT
Point Source Category for adiscussionof raw influent concentrations and current loadings). Thechemicds
used were caudtic at 40 percent of the required removas and limeat 60 percent of the required removals.
(Caustic at 40 percent and lime at 60 percent add up to 100 percent of the stoichiometric requirements.)
These chemica dosages reflect the operation of the selective metas precipitationmodd fadility. Sdective
metds precipitation uses arelatively high percentage of caustic because the dudge resulting from caudtic
precipitation isamenable to metasrecovery. EPA estimated the pH adjusment and buffer adjustment
requirements to be 40 percent of the stoichiometric requirement. EPA added an excess of 10 percent to
the pH and buffer adjustment requirements, bringing the total to 50 percent. EPA included a 10 percent
excess because thisistypical of the operation of the CWT facilities visted and sampled by EPA.

Table 2-3 presents the lime and caustic requirements for the selective metds precipitation for
fadlities with no tresiment in-place. Table 2-4 presents the itemized O&M cost estimates for these
facilities. Figure 2-3 presents the resulting cost curve. The O&M cost equation for the Metals Options
2 and 3 sHective metas precipitation for facilities with no treetment in-place is.

In(Y2) = 15.6402 + 1.001In(X) + 0.04857(In(X))? (2-3)
where:

X = FHow Rate (MGD) and

Y2 =0&M Cost (1989 $YR).
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Table 2-3. Lime and Caugtic Requirements for Selective Metals Precipitation - Metals Options 2 and 3

Dosage Rates Flow = 0.00001 MGD Flow = 0.001 MGD Flow = 0.1 MGD Flow =1.0 MGD
Raw Primary Raw-P
Pollutant Level Level Level Caustic Lime Caustic Lime Caustic Lime Caustic Lime Caustic Lime
(mg/L) (mg/L) (mg/L) (LBS/YR) | (LBS/IYR) | (LBS/YR) | (LBS/YR) (LBS/YR) (LBS/YR) | (LBS/YR) | (LBSIYR) (LBS/YR) (LBS/YR)
ALUMINUM 363.666 5.580 358.086 4.45 4.11 41.4 28.8 4,144 2,875 414,426 287,508 4,144,263 2,875,082
ANTIMONY 116.714 7.998 108.716 1.64 1.52 4.6 3.2 465 322 46,470 32,239 464,703 322,387
ARSENIC 1.790 0.084 1.706 2.67 2.47 0.1 0.1 12 8 1,185 822 11,850 8,221
BORON 153.726 31.730 121.996 11.1 10.3 35.2 24.4 3,524 2,445 352,389 244,470 3,523,885 2,444,696
CADMIUM 44.629 0.021 44.608 0.71 0.66 0.8 0.6 83 57 8,261 5,731 82,615 57,314
CHROMIUM 1186.645 0.387 1186.258 2.31 2.13 71.2 49.4 7,123 4,942 712,324 494,175 7,123,242 4,941,749
COBALT 25.809 0.254 25.555 2.04 1.88 14 0.9 135 94 13,540 9,393 135,400 93,934
COPPER 1736.400 0.448 1735.952 1.26 1.16 56.9 39.5 5,687 3,945 568,670 394,515 5,686,697 3,945,146
IRON 588.910 15.476 573.434 2.15 1.99 32.1 22.2 3,206 2,224 320,599 222,416 3,205,990 2,224,156
LEAD 211.044 0.392 210.652 0.77 0.71 4.2 2.9 423 294 42,327 29,364 423,269 293,643
MANGANESE 26.157 0.245 25.912 2.91 2.69 2.0 14 196 136 19,636 13,622 196,360 136,225
MERCURY 0.3000 0.0497 0.250 0.40 0.37 0.0 0.0 0 0 26 18 260 180
MOLYBDENUM 48.403 3.403 45.000 2.50 2.31 29 2.0 293 203 29,292 20,321 292,917 203,211
NICKEL 374.739 2.786 371.953 2.04 1.89 19.8 13.7 1,978 1,372 197,823 137,240 1,978,235 1,372,401
SELENIUM 0.328 0.514 0.000 2.03 1.87 0.0 0.0 0 0 0 0 0 0
SILVER 1.100 0.091 1.009 0.37 0.34 0.0 0.0 1 1 97 68 974 675
THALLIUM 0.461 0.0259 0.435 0.59 0.54 0.0 0.0 1 0 66 46 665 461
TIN 1337.900 1.026 1336.874 1.35 1.25 46.9 325 4,689 3,253 468,940 325,327 4,689,397 3,253,269
TITANIUM 795.600 0.239 795.361 3.34 3.09 69.1 48.0 6,913 4,796 691,305 479,593 6,913,045 4,795,925
VANADIUM 38.57 0.037 38.533 3.14 291 3.1 2.2 315 218 31,492 21,848 314,922 218,477
YTTRIUM 0.096 0.026 0.070 1.35 1.25 0.0 0.0 0 0 25 17 246 171
ZINC 978.16 3.9 974.260 1.22 1.13 31.0 215 3,102 2,152 310,199 215,201 3,101,991 2,152,007
423 293 42,291 29,339 4,229,093 2,933,933 42,290,926 29,339,330
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Table2-4. O&M Cost Estimates for Selective Metds Precipitation - Metals Option 2 and 3

Taxes . Totd
(:\:/:gl\[/)) Energy  Maintenance & Labor Chg;:t? O&M Cost
Insurance (1989 ¥'YR)
0.000001 1,000 42 21 52,464 7 53,534
0.00001 1,000 145 73 52,464 67 53,749
0.001 1,010 1,780 890 53,900 6,651 64,231
0.01 1,104 6,229 3,114 58,964 66,512 135,923
0.1 2,040 21,798 10,899 64,504 665,117 764,358
05 6,200 52,317 26,159 68,684 3,325,587 3,478,947
1.0 11,400 76,279 38,140 70,564 6,651,173 6,847,556
5.0 53,000 183,082 91,541 75,136 33,255,866 33,658,625
100,000,000
—~ 10,000,000
o
z
+
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Figure 2-3. O&M Cost Curve for Selective Metas Precipitation - Metals Options 2 and 3
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EPA estimated selective metds precipitationupgrade costs for facilities that currently utilize some
formof chemica precipitation. Based on responsesto the Waste Treatment Industry Questionnaire, EPA
assumed that the in-place chemica precipitation systems use a dosage ratio of 25% caudtic and 75% lime
and achieve a reduction of pollutants from “raw” to “current” levels. Table 2-5 presents the chemical
dosages that EPA estimates facilities currently useto treat thar wastewater from*raw” to “current” levels.
The sdective metds preci pitation upgrade would requireachange inthe existing dosage mix to 40% caugtic
and 60 % lime. Table 2-6 presents the chemica dosages required for facilities to treat their wastewaters
from “raw” to “current” levels usngthisdosage mix. Therefore, the selective metds precipitation upgrade
for facilities with in-place chemicd precipitationisthe increasein caugtic cost ( from 25 % to 40%) minus
the lime credit (to decrease from75% to 60%). Table 2-7 presents the itemized O&M cost estimatesfor
Metas Options 2 and 3 selective metds precipitation upgradesfor fadlitiesthat currently utilize some form
of chemica precipitation. Figure 2-4 presents the resulting cost curve. The O& M upgrade cost equation
for the Metds Options2 and 3is

In(Y2) = 14.2545 + 0.8066In(X) + 0.04214(In(X))? (2-4)
where:

X = How Rate (MGD) and

Y2= 0O&M Cost (1989 $/YR).
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Table 2-5. 75% Lime and 25% Caugtic Credits for Selective Metals Precipitation Upgrades (Raw to Current Removals) -

Metas Options 2 and 3
Raw Current Raw-C Dosage Rates Flow = 0.00001 MGD Flow =0.001 MGD Flow=0.1MGD Flow=1.0MGD
Pollutant Level Level Level
(mglL) (mglL) (mglL) Caustic Lime Caustic Lime Caustic Lime Caustic Lime Caustic Lime
(LBS'YR) | (LBYYR) | (LBSYR) | (LBS'YR) | (LBS/YR) | (LBS/YR) | (LBS/YR) | (LBSYR) | (LBSYR) | (LBSYR)
ALUMINUM 363.666 5.580 358.086 4.45 4.11 19.0 26.4 1,899 2,635 189,945 263,549 1,899,454 | 2,635,492
ANTIMONY 116.714 7.998 108.716 1.64 1.52 21 3.0 213 296 21,299 29,552 212,989 295,522
ARSENIC 1.790 0.084 1.706 2.67 2.47 0.1 0.1 5 8 543 754 5,431 7,536
BORON 153.726 31.730 121.996 11.1 10.3 16.2 22.4 1,615 2,241 161,511 224,097 1,615,114 | 2,240,971
CADMIUM 44,629 0.021 44.608 0.71 0.66 0.4 0.5 38 53 3,787 5,254 37,865 52,538
CHROMIUM 1186.645 0.387 1186.258 231 2.13 32.6 45.3 3,265 4,530 326,482 452,994 3,264,819 | 4,529,937
COBALT 25.809 0.254 25.555 2.04 1.88 0.6 0.9 62 86 6,206 8,611 62,058 86,106
COPPER 1736.400 0.448 1735.952 1.26 1.16 26.1 36.2 2,606 3,616 260,640 361,638 2,606,403 | 3,616,384
IRON 588.910 15.476 573.434 2.15 1.99 14.7 20.4 1,469 2,039 146,941 203,881 1,469,412 | 2,038,809
LEAD 211.044 0.393 210.651 0.77 0.71 1.9 2.7 194 269 19,400 26,917 193,997 269,171
MANGANESE 26.157 0.245 25.912 291 2.69 0.9 12 90 125 9,000 12,487 89,998 124,873
MERCURY 0.3000 0.5000 0.000 0.40 0.37 0.0 0.0 0 0 0 0 0 0
MOLYBDENUM 48.403 3.403 45.000 2.50 2.31 13 19 134 186 13,425 18,628 134,254 186,277
NICKEL 374.739 2.787 371.952 2.04 1.89 9.1 12.6 907 1,258 90,669 125,803 906,689 1,258,030
SELENIUM 0.328 0.514 0.000 2.03 1.87 0.0 0.0 0 0 0 0 0 0
SILVER 1.100 0.091 1.009 0.37 0.34 0.0 0.0 0 1 45 62 446 619
THALLIUM 0.461 0.026 0.435 0.59 0.54 0.0 0.0 0 0 30 42 305 423
TIN 1337.900 1.026 1336.874 1.35 1.25 21.5 29.8 2,149 2,982 214,931 298,216 2,149,307 | 2,982,163
TITANIUM 795.600 0.239 795.361 3.34 3.09 31.7 44.0 3,168 4,396 316,848 439,626 3,168,479 | 4,396,265
VANADIUM 38.57 0.037 38.533 3.14 2.91 14 2.0 144 200 14,434 20,027 144,339 200,271
YTTRIUM 0.096 0.026 0.070 1.35 1.25 0.0 0.0 0 0 11 16 113 156
ZINC 978.16 3.9 974.260 1.22 1.13 14.2 19.7 1,422 1,973 142,175 197,267 1,421,746 | 1,972,673
194 269 19,383 26,894 1,938,322 2,689,422 | 19,383,218 26,894,216
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Table 2-6.  60% Lime and 40% Caustic Requirements for Sdlective Metds Precipitation Upgrades (Raw to Current Removals) -

Metals Options 2 and 3
Raw Current Raw-C Dosage Rates Flow = 0.00001 MGD Flow =0.001 MGD Flow=0.1MGD Flow=1.0MGD
Pollutant Level Level Level
(mglL) (mglL) (mglL) Caustic Lime Caustic Lime Caustic Lime Caustic Lime Caustic Lime
(LBS/YR) | (LBSYYR) | (LBSYR) | (LBSYR) | (LBS/YR) | (LBSYR) | (LBSYR) | (LBS'YR) | (LBS/YR) | (LBSYR)
ALUMINUM 363.666 5.580 358.086 4.45 4,11 30.4 21.1 3,039 2,108 303,913 210,839 3,039,126 | 2,108,394
ANTIMONY 116.714 7.998 108.716 1.64 1.52 34 24 341 236 34,078 23,642 340,782 236,417
ARSENIC 1.790 0.084 1.706 2.67 2.47 01 0.1 9 6 869 603 8,690 6,029
BORON 153.726 31.730 121.996 11.1 10.3 25.8 17.9 2,584 1,793 258,418 179,278 2,584,183 | 1,792,777
CADMIUM 44.629 0.021 44.608 0.71 0.66 0.6 04 61 42 6,058 4,203 60,584 42,030
CHROMIUM 1186.645 0.387 1186.258 231 2.13 52.2 36.2 5,224 3,624 522,371 362,395 5,223,711 | 3,623,949
COBALT 25.809 0.254 25.555 2.04 1.88 1.0 0.7 99 69 9,929 6,888 99,293 68,885
COPPER 1736.400 0.448 1735.952 1.26 1.16 41.7 28.9 4,170 2,893 417,024 289,311 4,170,245 2,893,107
IRON 588.910 15.476 573.434 2.15 1.99 23.5 16.3 2,351 1,631 235,106 163,105 2,351,059 | 1,631,047
LEAD 211.044 0.393 210.651 0.77 0.71 31 22 310 215 31,040 21,534 310,396 215,337
MANGANESE 26.157 0.245 25.912 291 2.69 14 10 144 100 14,400 9,990 143,997 99,898
MERCURY 0.3000 0.5000 0.000 0.40 0.37 0.0 0.0 0 0 0 0 0 0
MOLYBDENUM 48.403 3.403 45.000 2.50 2.31 21 15 215 149 21,481 14,902 214,806 149,022
NICKEL 374.739 2.787 371.952 2.04 1.89 14.5 10.1 1,451 1,006 145,070 100,642 1,450,702 | 1,006,424
SELENIUM 0.328 0.514 0.000 2.03 1.87 0.0 0.0 0 0 0 0 0 0
SILVER 1.100 0.091 1.009 0.37 0.34 0.0 0.0 1 0 71 50 714 495
THALLIUM 0.461 0.026 0.435 0.59 0.54 0.0 0.0 0 0 49 34 487 338
TIN 1337.900 1.026 1336.874 1.35 1.25 34.4 23.9 3,439 2,386 343,889 238,573 3,438,891 | 2,385,731
TITANIUM 795.600 0.239 795.361 3.34 3.09 50.7 35.2 5,070 3,517 506,957 351,701 5,069,567 | 3,517,012
VANADIUM 38.57 0.037 38.533 3.14 2.91 23 16 231 160 23,094 16,022 230,943 160,216
YTTRIUM 0.096 0.026 0.070 1.35 1.25 0.0 0.0 0 0 18 13 180 125
ZINC 978.16 3.9 974.260 1.22 1.13 22.7 15.8 2,275 1,578 227,479 157,814 2,274,794 | 1,578,138
310 215 31,013 21,515 3,101,315 2,151,537 | 31,013,150 21,515,372

2-10



Section2  Physical/Chemical Wastewater Detailed Costing Document for the CWT Point Source Category
Treatment Technology Costs

Table2-7. O&M UpgradeCost Estimates- Sdective Metds Precipitation (Raw to Current Removals) -

Metas Options 2 and 3
Taxes . Tota
('I\:/:c(;vl\:/)) Energy Maintenance & Labor Ch(e:rgétcd O&M Cost
Insurance (1989 $/YR)
0.000001 1,000 42 21 52,464 2 53,529
0.00001 1,000 145 73 52,464 15 53,697
0.001 1,010 1,780 890 53,900 1,445 59,025
0.01 1,104 6,229 3,114 58,964 14,458 83,869
0.05 1,520 14,950 7,475 62,784 72,291 159,020
0.1 2,040 21,798 10,899 64,504 144,582 243,823
0.5 6,200 52,317 26,159 68,684 722,909 876,269
10 11,400 76,279 38,140 70,564 1,445,818 1,642,201
5.0 53,000 183,082 91,541 75,136 7,229,093 7,631,852
100,000,000
10,000,000
x
Z
[
2
S’ 1,000,000
S
=
o3
@]
100,000
10,000 Lol Lol Lol L1 rrnl L1
0.0001 0.001 0.01 0.1 1 10
Flow (MGD)

Figure2-4. O&M Upgrade Cost Curve for Selective Metals Precipitation (Raw to Current
Removals) - Metds Options2 and 3
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2.1.2 Secondary Precipitation - Metals Option 2 and Metals Option 3

The secondary precipitation system in the model technology for Metals Option 2 and Metals
Option 3 follows sdective metds precipitation and plate and frame liquid filtration. This secondary
chemicd precipitation equipment consists of a angle mixed reaction tank with pumps and a treatment
chemica feed sysem, which is sized for the full daily batch volume.

AsshowninTable 1-3, clarification follows secondary chemica precipitation for Metals Options
2and 3. The cogting discusson for clarification following secondary precipitation is presented in Section
2.2.2. Thediscussonsfor dudgefiltration and the associated filter cake disposal are presented in Sections
4.1, and 4.2, respectively.

Many facilities in the meta's subcategory currently have chemica precipitation unitsin-place. For
thesefadilities, cost upgrades may be appropriate. EPA used the following set of rules to decidewhether
afadlity’ scosts should be based onafull cost equation or anupgrade equationfor the secondary chemica
precipitation step of Metals Options 2 and 3:

C Facilitieswith no chemica precipitation in-place should use the full capitd and O&M cods.

C Fadilities with primary chemica precipitation in-place should assume no capital costs, no land
requirements, but an O&M upgrade cost for the primary step.

C Facilities with secondary chemica precipitationcurrently in-place should assume no capital costs,
no land requirements, and no O&M costs for the secondary step.

Capital and Land Costs

For fadlitiesthat have no chemica precipitationin-place, EPA cal culated capita cost estimatesfor
the secondary precipitation trestment systems from vendor quotations.

EPA estimated the other components (i.e., piping, instrumentation and controls, etc.) of the total
capital cost by applying the same factors and additiona costsas detailed for selective metds precipitation
(see Section 2.1.1 above).
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For the facilities that have at least primary chemica precipitation in-place, EPA assumed that the
capital cost for the secondary preci pitationtrestment systemwould be zero. Thein-place primary chemical
precipitation sysems would serve as secondary precipitation systems after the ingtalation of upstream
selective metds precipitation units.

Table 2-8 presents the itemized capital cost estimates for the secondary precipitation trestment
sysemsinMetds Options 2 and 3 while Figure 2-5 presentsthe resulting cost curve. Thetota capital cost
equation for Metals Options 2 and 3 secondary precipitation is:

In (Y1) = 13.829 + 0.544In(X) + 0.00000496(In(X))? (2-5)

where

X =How Rate (MGD) and
Y 1 = Capital Cost (1989 $).

Table 2-8. Tota Capital Cost Estimates for Secondary Precipitation - Metals Options 2 and 3

Flow Equipment Piping Instrumentation Installation Engineering Total
(MGD) Cost & & Capital Cost
Controls Contingency (1989 $)
0.000001 218 65 65 76 127 552
0.00001 762 229 229 267 446 1,931
0.001 9,329 2,799 2,799 3,265 5,457 23,649
0.01 32,646 9,794 9,794 11,426 19,098 82,758
0.05 78,355 23,507 23,507 27,424 45,838 198,631
0.1 114,243 34,273 34,273 39,985 66,832 289,606
0.5 274,201 82,260 82,260 95,970 160,408 695,100
10 399,788 119,936 119,936 139,926 233,876 1,013,462
5.0 959,554 287,866 287,866 335,844 561,339 2,432,469
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Figure 2-5. Totd Capita Cost Curve for Secondary Precipitation - Metals Options 2 and 3

Table 2-9 presents the land requirements for the secondary chemical precipitation trestment
sysems. Figure 2-6 presentsthe resulting cost curve. The land requirement equation for Metals Options
2 and 3 secondary chemicd precipitation is:

In(Y3) =-1.15 + 0.449In(X) + 0.027(In(X))? (2-6)
where:

X =How Rate (MGD) and

Y 3 = Land Requirement (Acres).
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Table2-9. Land Requirement Estimates for Secondary Precipitation -

Metas Options 2 and 3
Flow Area Required
(MGD) (Acres)
0.0040 0.056
0.0071 0.063
0.015 0.088
0.100 0.126
0.250 0.166
0.500 0.186
1.00 0.388
1.00
g
<
|5
.E 0.10
=
&
o
g
001 Ll Lot Lol 1 L1l
0.001 0.01 0.1 1 10

Flow (MGD)
Figure 2-6. Land Requirement Curve for Secondary Precipitation - Metals Options 2 and 3
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Chemical Usage and Labor Requirement Costs

EPA developed O& M cost estimatesfor the secondary preci pitation step of MetdsOptions 2 and
3 for facilities with and without chemicd precipitation currently in-place. EPA assumed the [abor cost to
be two hours per baich, based on manufacturers recommendations. For facilities with no chemica
precipitation in-place, EPA caculated the amount of lime required to precipitate each of the metals and
semi-metds fromthe metds subcategory current performanceconcentrations (achievedwiththe previoudy
explained sdective metds precipitation step) to the Metas Option 2 long-term average concentrations.
EPA thenadded aten percent excess dosage factor and based the chemica addition costs onthe required
amount of lime only, which is basad on the operation of the modd facility for this technology.

Table 2-10 presentsthe lime requirementsfor the secondary chemicd precipitationstep of Metds
Options 2 and 3. Table 2-11 presents the itemized annud O&M estimates for the secondary chemica
precipitation units. Figure 2-7 presents the resulting cost curve. The O&M cost equation for Metals
Options 2 and 3 secondary chemicdl precipitetion is:

In(Y2) = 11.6553 + 0.48348In(X) + 0.02485(In(X))? (2-7)
where:

X = Flow Rate (MGD) and

Y2=0&M Cost (1989 $/YR).
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Figure 2-7. O&M Cogt Curve for Secondary Precipitation - Metals Options 2 and 3

Table2-11. O&M Cost Estimates for Secondary Precipitation - Metals Options 2 and 3

(:\:/: (c);vé) Energy Maintenance Téges Labor Chce:;n ;tcal O; s/tlaICost

Insurance (1989 $'YR)
0.000001 1,000 22 11 13,116 0 14,149
0.00001 1,000 77 39 13,116 1 14,233
0.001 1,010 946 473 13,475 21 15,925
0.01 1,104 3,310 1,655 14,741 214 21,024
0.05 1,520 7,945 3,973 15,696 1,070 30,204
0.1 2,040 11,584 5,792 16,126 2,140 37,682
0.5 6,200 27,804 13,902 17,171 10,198 75,775

1.0 11,400 40,538 20,269 17,641 21,395 111,243
5.0 53,000 97,299 48,649 18,784 106,976 324,708
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Table 2-10. Lime Requirements for Secondary Precipitation - Metals Options 2 and 3

Current Option 2 Current-2 Dosarge Rates Flow = 0.00001 MGD Flow = 0.001 MGD Flow = 0.1 MGD Flow = 1.0 MGD
Pollutant (mg/L) (mg/L) (mg/L) Lime Lime Lime Lime Lime
(LBS/YR) (LBS/YR) (LBS/YR) (LBS/YR) (LBS/YR)
ALUMINUM 5.580 0.337 5.243 4.11 51.5 5,145 514,509 51,450,900
ANTIMONY 7.998 0.021 7.977 1.52 28.9 2,891 289,118 28,911,754
ARSENIC 0.084 0.018 0.066 2.47 0.4 39 3,887 388,732
BORON 31.730 8.182 23.548 10.3 576.7 57,674 5,767,444 576,744,412
CADMIUM 0.021 0.101 0.000 0.66 0.0 0 0 0
CHROMIUM 0.387 0.690 0.000 2.13 0.0 0 0 0
COBALT 0.2535 0.124 0.130 1.88 0.6 58 5,818 581,790
COPPER 0.448 0.97 0.000 1.16 0.0 0 0 0
IRON 15.476 4.134 11.342 1.99 53.8 5,377 537,677 53,767,709
LEAD 0.393 0.308 0.085 0.71 0.1 14 1,446 144,648
MANGANESE 0.245 0.061 0.184 2.69 1.2 118 11,823 1,182,287
MERCURY 0.0497 0.0010 0.049 0.37 0.0 4 429 42,853
MOLYBDENUM 3.403 0.652 2.751 2.31 15.2 1,518 151,836 15,183,641
NICKEL 2.787 1.06 1.727 1.89 7.8 779 77,882 7,788,168
SELENIUM 0.514 0.235 0.279 1.87 1.2 125 12,474 1,247,357
SILVER 0.091 0.004 0.087 0.34 0.1 7 710 71,015
THALLIUM 0.026 0.025 0.001 0.54 0.0 0 13 1,296
TIN 1.026 0.029 0.997 1.25 3.0 297 29,653 2,965,342
TITANIUM 0.239 0.004 0.235 3.09 1.7 173 17,319 1,731,913
VANADIUM 0.037 0.01 0.027 2.91 0.2 19 1,871 187,106
YTTRIUM 0.026 0.002 0.024 1.25 0.1 7 715 71,472
ZINC 3.9 0.845 3.055 1.13 8.2 825 82,476 8,247,648
751 75,071 7,507,100 750,710,043
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For facilities with chemica precipitation in-place, EPA calculated an O&M upgrade cost. In
caculating the O& M upgrade cost, EPA assumed that there would be no additiond costs associated with
any of the components of the annua O&M cost, except for increased chemica costs.  Snoe EPA dreedy
gpplied credit for chemica costs for facilities with primary precipitation in esimating the sdective metals
preci pitation chemica costs, the chemical upgradecostsfor fadlitieswithprimary precipitationareidentica
to fedlitieswithno chemical precipitationin-place. Since EPA assumed that facilities with secondary
precipitationwould achieve the Metas Option 2 longtermaverage concentrations withther current system
and chemicd additions (after inddling the sdective metds precipitation system), EPA assumed these
fadlities would not incur any additiona chemica costs. In turn, EPA also assumed that facilities with
secondary precipitation units in-place would incur no O& M upgrade costs.

Table 2-12 presents the itemized O&M upgrade cost estimates for the secondary chemical
precipitation trestment systems. Figure 2-8 presents the resulting cost curve. The O&M upgrade cost
equation for the secondary chemica precipitation systemsis:

In(Y2) = 9.97021 + 1.00162In(X) + 0.00037(In(X))? (2-8)
where:

X = Flow Rate (MGD) and

Y2=0&M Cost (1989 $/YR).
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Table 2-12. O&M Upgrade Cost Estimates for Secondary Precipitation -

Metas Options 2 and 3
. Totd
(I\F/:g"[’)) Chgggd 0&M Cost
(1989 $/'YR)
0.0005 11 11
0.001 21 21
0.005 107 107
0.01 214 214
0.05 1,070 1,070
0.1 2,140 2,140
0.5 10,698 10,698
1.0 21,395 21,395
50 106,976 106,976
1,000,000
100,000
3
z
‘g 10,000 @
S
J2
(@] 1,000 —=
=
o3
@]
100
10 ! L1l ! L1l ! L1l ! L 111111
0.001 0.01 0.1 1 10
Flow (MGD)

Figure 2-8. O&M Upgrade Cost Curve for Secondary Precipitation - Metals Options 2 and 3
2-20



Section2  Physical/Chemical Wastewater Detailed Costing Document for the CWT Point Source Category
Treatment Technology Costs

2.1.3 Tertiary Precipitation and pH Adjustment - Metals Option 3

Thetertiary chemicd precipitationstepfor Metals Option 3 followsthe secondary precipitationand
clarification seps. This tertiary precipitation system consists of arapid mix neutralization tank and a pH
adjustment tank. In this step, the wastewater isfed to the rapid mix neutrdization tank where lime durry
is added to raise the pH to 11.0. Effluent from the neutraization tank then flows to a darifier for solids
remova. The darifier overflow goesto apH adjustment tank where sulfuric acid isadded to achieve the
desired find pH of 9.0. This section explains the development of the cost estimates for the rapid mix
neutrdization tank and the pH adjustment tank. The discussons for clarification, dudge filtration, and
associated filter cake disposal are presented in Sections 2.2.2, 4.1, and 4.2, respectively.

Capital and Land Costs

EPA developed the capital cost estimates for the rapid mix tank assuming continuous flow and a
15-minute detention time, which is based on the modd facility’ sstandard operation. The equipment cost
includes one tank, one agitator, and one lime feed system.

EPA devel opedthe capita cost estimatesfor the pH adjustment tank assuming continuous flow and
afive-minute detentiontime, aso based onthe mode facility’ soperation. The equipment cost includesone
tank, one agitator, and one sulfuric acid feed system.

EPA estimated the other components (i.e., piping, instrumentation and controls, etc.) of the total
capital cost for both the rapid mix and pH adjusment tank by applying the same factors and additiona
costs as detailed for selective metals precipitation (see Section 2.1.1 above).

The itemized capital cost estimates for the rgpid mix and pH adjustment tank are presented in
Tables2-13 and 2-14, respectively. Theresulting cost curvesare presented asFigures2-9 and 2-10. The
total capita cost equations calculated for the rapid mix and pH adjustment tanks are presented below as
Equations 2-9 and 2-10, respectively.
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In(Y 1) = 12.318 + 0.543In(X) - 0.000179(In(X))? (29
In(Y1) = 11.721 + 0.543In(X) + 0.000139(In(X))? (2-10)
where:
X =How Rate (MGD) and
Y 1 = Capital Cost (1989 $).
Table 2-13. Totad Capita Cost Estimates for Rapid Mix Tanks - Metals Option 3
( I\jg\g) qugggent Fiping Instrl;ment. alation Engi ngeLerl ng Tota(l: g;pltal
Controls Contingency (1989 $)
0.00001 165 49 49 58 96 417
0.0001 592 178 178 207 347 1,502
0.001 2,073 622 622 726 1,213 5,256
0.01 7,224 2,167 2,167 2,528 4,226 18,312
0.1 25,281 7,584 7,584 8,848 14,789 64,086
0.5 60,468 18,203 18,203 21,237 35,433 153,544
1.0 88,468 26,541 26,541 30,964 51,754 224,268
50 212,338 63,701 63,701 74,318 124,217 538,275
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Table 2-14. Tota Capita Cost Estimates for pH Adjustment Tanks - Metals Option 3

Flow Equipment N Instrument . Engineering Total
(MGD) Cost Piping & Installation _& Capita Cost
Controls Contingency (1989 $)
0.00001 91 27 27 32 53 230
0.0001 326 98 98 114 191 827
0.001 1,141 342 342 399 667 2,891
0.005 2,726 818 818 954 1,595 6,901
0.01 3,974 1,192 1,192 1,391 2,325 10,074
0.05 9,329 2,799 2,799 3,265 5,458 23,640
0.1 13,907 4,172 4,172 4,867 8,135 35,253
05 33,379 10,014 10,014 11,683 19,581 84,851
10 48,667 14,600 14,600 17,033 28,470 123,370
5.0 116,808 35,042 35,042 40,883 68,333 296,108
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Figure 2-9. Tota Capitad Cost Curve for Rapid Mix Tanks - Metals Option 3
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Figure 2-10. Tota Capita Cost Curve for pH Adjustment Tanks - Metals Option 3
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The land requirementsfor therapid mix and pH adjusment tanksare presented in Table 2-15. The
resulting cost curves are presented asFigures2-11 and 2-12, repectively. Theland requirement equations
for the rgpid mix tank and pH adjustment tank are presented below as Equations 2-11 and 2-12,

repectively.

In(Y3) =-2.330 + 0.352In(X) + 0.019(In(X))? (2-12)

In(Y3) = -2.67 + 0.30In(X) + 0.033(In(X))? (2-12)
where:

X =Fow Rate (MGD) and

Y 3 = Land Requirement (Acres).

Table 2-15. Land Requirement Estimates for Tertiary Precipitation Tanks - Metas Option 3

Rapid Mix Tank pH Adjustment Tank
How Land Requirements Land Requirements
(MGD) (Acres) (Acres)
0.01 0.036 0.037
0.05 0.044 0.037
0.1 0.05 0.04
0.5 0.078 0.06
1.0 0.098 0.07
5.0 0.184 0.12
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Figure 2-12. Land Requirement Curve for pH Adjustment Tanks - Metals Option 3

Chemical Usage and Labor Requirement Costs

EPA did not assign O&M costs and, in turn, chemical usage and labor requirement costs for
tertiary precipitation and pH adjustment to the few facilities which have tertiary precipitation (and pH
adjusment) systemsin-place. For those fedilities without tertiary precipitation (and pH adjustment) in-
place, EPA estimated the | abor requirements at one man-hour per day for the rgpid mix and pH adjustment
tanks. EPA based this estimate on the modd facility’ stypica operation.

EPA edtimated chemicd costs for the rgpid mix tank based on lime addition to achieve the
stoichiometric requirements of reducing the metals and semi-metds in the wastewater from the Metas
Option 2 long-termaveragesto the Metas Option 3 long-termaverages, with a 10 percent excess. Table
2-16 presents the lime requirements for the tertiary chemica precipitation treatment systems. EPA
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estimated the chemica requirements for the pH adjustment tank based on the addition of sulfuric acid to
lower the pH from 11.0 to 9.0, based on the modéd facility’ s operation.

The itemized O&M cost estimates for the rgpid mix and pH adjusment tanks are presented in
Tables 2-17 and 2-18, respectively, while the resulting cost curves are presented as Figures2-13 and 2-
14. The O&M cost equations for the rapid mix tank and pH adjustment tank are presented below as
Equations 2-13 and 2-14, respectively.

In(Y2) = 9.98761 + 0.37514In(X) + 0.02124(In(X))? (2-13)

In(Y2) = 9.71626 + 0.33275In(X) + 0.0196(In(X))? (2-14)
where:

X =How Rate (MGD) and

Y2=0&M Cost (1989 $/YR).
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Table 2-16. Lime Requirements for Tertiary Chemica Precipitation - Metals Option 3

Option 2 Option3 Option 2-3 Dosage Rates Flow =0.001MGD | Flow=0.01MGD Flow=0.1MGD Flow=1.0MGD
Pollutant (mg/L) (mg/L) (mg/L) Lime Lime Lime Lime Lime
(LBS/YR) (LBSIYR) (LBSIYR) (LBSIYR) (LBSIYR)
ALUMINUM 0.337 0.073 0.264 411 2.6 26 259 2,591
ANTIMONY 0.021 0.021 0.000 152 0.0 0 0 0
ARSENIC 0.018 0.011 0.007 247 0.0 0 4 41
BORON 8.182 66.951 0.000 10.3 0.0 0 0 0
CADMIUM 0.101 0.082 0.019 0.66 0.0 0 3 30
CHROMIUM 0.690 0.040 0.650 213 33 33 331 3,310
COBALT 0.124 0.057 0.067 1.88 0.3 3 30 301
COPPER 0.970 0.169 0.801 116 2.2 22 222 2,225
IRON 4.134 0.387 3.747 1.99 17.8 178 1,776 17,763
LEAD 0.308 0.055 0.253 0.71 0.4 43 431
MANGANESE 0.061 0.012 0.049 2.69 0.3 3 32 317
MERCURY 0.0010 0.0002 0.001 0.37 0.0 0 0 1
MOLYBDENUM 0.652 0.528 0.124 231 0.7 7 68 684
NICKEL 1.06 0.27 0.790 1.89 3.6 36 356 3,563
SELENIUM 0.235 0.209 0.026 1.87 0.1 1 12 116
SILVER 0.004 0.005 -0.001 0.34 (0.0 (0) (0) (0)
THALLIUM 0.025 0.021 0.004 0.54 0.0 0 1 5
TIN 0.029 0.028 0.001 1.25 0.0 0 0 3
TITANIUM 0.004 0.004 0.000 3.09 0.0 0 0 0
VANADIUM 0.01 0.011 0.000 291 0.0 0 0 0
YTTRIUM 0.002 0.005 0.000 1.25 0.0 0 0 0
ZINC 0.845 0.206 0.639 113 17 17 173 1,725
33 331 3,311 33,105
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Table2-17. O&M Cost Estimates for Rapid Mix Tanks - Metals Option 3

('\Tgvé) Energy Maintenance Tageﬁ Labor Chgg] Sitcal O&T l\c/)lta(liost
Insurance (1989 $/YR)
0.00001 63 17 8 4,372 0 4,460
0.0001 63 60 30 4,372 1 4,826
0.001 63 210 105 4,492 1 4,871
0.01 69 732 366 4,914 9 6,090
0.1 128 2,563 1,282 5,375 94 9,442
0.5 388 6,142 3,071 5,724 472 15,797
1.0 713 8,971 4,485 5,880 944 20,993
5.0 3,313 21,531 10,766 6,261 4,718 46,589
Table 2-18. O&M Cost Estimates for pH Adjustment Tanks - Metals Option 3
(:\:/: %Vé) Energy  Maintenance Tag& Labor Chg:)n sitcal 081r I\(;Ita(liost
Insurance (1989 $/YR)
0.00001 21 9 5 4,372 1 4,408
0.0001 21 33 17 4,372 1 4,444
0.001 21 116 58 4,492 2 4,684
0.01 23 403 201 4,914 18 5,559
01 43 1,410 705 5,375 175 7,708
0.5 130 3,3%4 1,697 5,724 870 11,815
1.0 238 4,935 3,467 5,880 1,735 16,255
5.0 1,104 11,844 5,922 6,261 8,660 33,791
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Figure 2-13. O&M Cogt Curve for Rapid Mix Tanks - Metals Option 3
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Figure 2-14. O&M Cogt Curve for pH Adjustment Tanks - Metals Option 3
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2.1.4 Primary Chemical Precipitation - Metals Option 4

The primary chemicd preci pitation system equipment for the model technology for Metas Option
4 congsts of a mixed reaction tank with pumps, a treetment chemica feed system, and an unmixed
wastewater holding tank. EPA designed the system to operate on a batch basis, tregting one batch per
day, five days per week. The average chemica precipitation batch duration reported by respondents to
the WTI Questionnairewasfour hours. Therefore, aone batch per day treatment schedule should provide
suffident time for the average facility to pump, treat, and test itswaste. EPA aso included a holding tank,
equa to the daily waste volume, up to a maximum sze of 5,000 gdlons (equivaent to the average tank
truck recei pt volume throughout the industry), to alow fadilities flexibility in managing waste receipts. (The
Metds Option 4 modd facility utilizes aholding tank.)

As shown in Table 1-3, dlarification follows primary chemical precipitation for Metas Option 4.
The cogting discussion for darification following primary precipitation in Metals Option 4 is presented in
Section 2.2.2. The discussions for dudge filtration and the associated filter cake disposa are presented
in Sections 4.1 and 4.2, respectively.

Capital and Land Costs

EPA developed totd capital cost estimates for the Metas Option4 primary chemicd precipitation
gysems.  For facilities with no chemicd precipitation units in-place, the components of the chemica
preci pitation systemincluded aprecipitationtank withamixer, pumps, and afeed system. Inaddition, EPA
included ahalding tank equal to the Sze of the precipitationtank, up to 5,000 galons. EPA obtained these
cost estimates from manufacturer’ s recommendations.

EPA estimated the other components (i.e., piping, instrumentation and controls, etc.) of the tota
capital cost for both the rapid mix and pH adjustment tank by gpplying the same factors and additiona
costs as detailed for selective metals precipitation (see Section 2.1.1 above).
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For fadlities that aready have any chemica precipitation (trestment in-place), EPA included as
capita expense only the cost of a holding tank.

The itemized primary chemica precipitation capital cost and holding tank capital cost estimatesfor
Metds Option 4 are presented in Tables 2-19 and 2-20, respectively. The resulting cost curves are
presented as Figures 2-15 and 2-16. The resulting tota capitd cost equations for the Metas Option 4
primary chemicd precipitationand holdingtank systems are presented bel ow as Equations 2-15 and 2-16,

respectively.

In(Y 1) = 14.019 + 0.481In(X) - 0.00307(In(X))? (2-15)
In(Y 1) = 10.671 - 0.083In(X) - 0.032(In(X))? (2-16)
where:
X =How Rate (MGD) and
Y 1 = Capital Cost (1989 $).

Table 2-19. Total Capitd Cost Estimates for Primary Chemica Precipitation - Metals Option 4

Flow Avg.'Vendor Holding Totd . Engineer. & Total
(MGD) Equipment Tank Ingtall. Construction Conting, Capita Cost
Cost Cost (1989 $)
0.000001 282 217 175 674 202 876
0.00001 1,030 762 627 2,419 726 3,145
0.0005 9,286 6,400 5,490 21,176 6,353 27,529
0.001 13,709 9,330 8,064 31,103 9,331 40,434
0.005 33,709 22,390 19,635 75,734 22,720 98,454
0.01 50,006 22,390 25,339 97,735 29,321 127,056
0.05 123,550 22,390 51,079 197,019 59,106 256,125
0.1 182,398 22,390 71,676 276,464 82,939 359,403
0.5 450,652 22,390 165,565 638,607 191,582 830,189
1.0 665,304 22,390 240,693 928,387 278,516 1,206,903
5.0 1,643,772 22,390 583,157 2,249,319 674,796 2,924,115
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Table 2-20. Holding Tank Tota Capitd Cost Estimates for Chemica Precipitation -

Metals Option 4
Average Tota L Total
(I\';Igg) Vendor Installation Construction Egg;:?:';?c& Capita Cost
Equipment Cost Cost gency (1989 $)
0.000001 217 76 293 88 381
0.00001 762 267 1,029 309 1,338
0.0005 6,400 2,240 8,640 2,592 11,232
0.001 9,330 3,266 12,596 3,779 16,375
0.005 22,390 7,837 30,227 9,068 39,295
10,000,000
% 1,000,000 ot
D
2
J2
(@)
s
S
S 100,000 i
10,000 L1l L1 ranl L1l L1l L1
0.0001 0.001 0.01 01 1 10
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Figure 2-15. Tota Capital Cost Curve for Primary Chemica Precipitation - Metals Option 4
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Figure 2-16. Holding Tank Tota Capita Cost Curve for Primary Chemica Precipitation - Metals
Option 4

The land requirements for the Metas Option 4 primary chemica precipitation and holding tank
systems are presented in Table 2-21. The resulting cost curves are presented as Figures 2-17 and 2-18,
respectively. The land requirement equations for the Metals Option 4 primary chemica precipitation and
holding tank systems are presented below as Equations 2-17 and 2-18, respectively.

In(Y3) =-1.019 + 0.299In(X) + 0.015(In(X))? (2-17)

In(Y3) = -2.866 - 0.023In(X) - 0.006(In(X))? (2-18)
where:

X =How Rate (MGD) and

Y 3 = Land Requirement (Acres).
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Table 2-21. Land Requirement Estimates for Chemical Precipitation - Metals Option 4

Flow Primary Chemical Precipitation Holding Tank
(MGD) Land Requirements Land Reguirements
(Acres) (Acres)
0.00001 0.0791 0.0395
0.0001 0.0823 0.0410
0.001 0.0940 0.0470
0.01 0.1250 0.0574
0.05 0.1724 0.0574
0.1 0.2068 0.0574
0.5 0.2434 0.0574
1.0 0.4474 0.0574
1
g
2
5
£ o _
s
[a
g
0.01 L1 1l L1l L1l L1l L1
0.0001 0.001 0.01 01 1 10
Flow (MGD)

Figure 2-17. Land Requirement Curve for Primary Chemica Precipitation - Metals Option 4
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Figure 2-18. Land Requirement Curve for Holding Tank - Metals Option 4

Labor and Chemical Costs

EPA approximated the labor cost for primary chemical precipitation in Metals Option 4 at two
hours per batch, one batchper day. Thelabor cost was estimated at $31,200 per man year. EPA based
this gpproach on the modd facility’ s operation.

EPA egstimated chemica costs based on stoichiometric, pH adjustment, and buffer adjustment
requirements. For facilities with no chemica precipitation in-place, EPA based the stoichiometric
requirements on the amount of chemicasrequiredto precipitate each of the metdl and semi-metd pollutants
of concern from the metas subcategory average raw influent concentrations to Metals Option 4 (Sample
Point-03) concentrations. MetalsOption 4, Sampl e Point-03 concentrationsrepresent the sampl ed effluent
from primary chemica precipitation a the modd facility. The chemicas used werelime at 75 percent of

2-36



Section2  Physical/Chemical Wastewater

Treatment Technology Costs

the required removas and caudtic at 25 percent of the required removals, which are based on the option

fadility’ soperation.

of the stoichiometric requirement, which includes a 10 percent excess of chemicd dosage. Table 2-22
presents the lime and caudtic requirements for the primary chemica precipitation sysemsfor the Metads

Option 4.

The itemized annud O& M cost estimatesfor fadlitieswith no treetment in-place are presented in

Table 2-23 and the subsequent cost curve is presented as Figure 2-19. The O&M cost equation for

EPA estimated the pH adjustment and buffer adjustment requirementsto be 50 percent

Metals Option 4 chemica precipitation is.

In(Y?2) = 15.3534 + 1.08700In(X) + 0.04891(In(X))? (2-19)

X = How Rate (MGD) and
Y2=0&M Cost (1989 $/YR).

where:
1 Iy, Fn
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Figure 2-19. O&M Cost Curve for Primary Chemical Precipitation - Metas Option 4
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Table 2-22. Lime and Caudtic Requirements for Primary Chemical Precipitation Systems - Metals Option 4

Dosage Rates Flow = 0.00001 MGD Flow = 0.001 MGD Flow = 0.1 MGD Flow = 1.0 MGD
Raw SP03 Raw - SP03
Pollutant Level Level Level
(mg/L) (mg/L) (mg/L) Caustic Lime Caustic Lime Caustic Lime Caustic Lime Caustic Lime
(LBS/YR) (LBS/YR) (LBS/YR) (LBS/YR) (LBS/YR) (LBS/YR) (LBS/YR) (LBS/YR) (LBS/YR) (LBS/YR)
ALUMINUM 305.756 5.580 300.176 4.45 4.11 22 30 2,171 3,013 217,128 301,265 2,171,280 3,012,652
ANTIMONY 93.95 0.5167 93.433 1.64 1.52 2 3 250 346 24,961 34,633 249,611 346,335
ARSENIC 14.893 0.390 14.503 2.67 2.47 1 1 63 87 6,296 8,736 62,962 87,360
BORON 196.103 16.333 179.770 11.1 10.3 32 45 3,245 4,503 324,544 450,305 3,245,439 4,503,046
CADMIUM 173.590 0.501 173.089 0.71 0.66 2 3 200 278 20,035 27,799 200,352 277,988
CHROMIUM 993.460 12.537 980.923 2.31 2.13 37 51 3,681 5,108 368,141 510,795 3,681,405 5,107,950
COBALT 152.547 0.242 152.305 2.04 1.88 5 7 504 700 50,436 69,979 504,356 699,794
COPPER 1643.096 7.123 1635.973 1.26 1.16 33 46 3,349 4,647 334,949 464,742 3,349,489 4,647,416
IRIDIUM 43.802 3.283 40.519 0.83 0.77 1 1 55 76 5,485 7,611 54,851 76,105
IRON 694.378 29.533 664.845 2.15 1.99 23 32 2,323 3,223 232,316 322,338 2,323,160 3,223,385
LEAD 104.064 0.616 103.448 0.77 0.71 1 2 130 180 12,991 18,025 129,913 180,254
LITHIUM 65.501 4.03 61.471 5.76 5.33 6 8 576 799 57,611 79,936 576,115 799,359
MANGANESE 91.000 0.245 90.755 2.91 2.69 4 6 430 596 42,984 59,640 429,836 596,397
MERCURY 0.2090 0.0133 0.196 0.40 0.37 0 0 0 0 13 18 127 176
MOLYBDENUM 57.766 3.06 54.706 2.50 2.31 2 3 223 309 22,256 30,880 222,560 308,802
NICKEL 350.973 2.79 348.183 2.04 1.89 12 16 1,157 1,606 115,738 160,587 1,157,384 1,605,870
SELENIUM 0.385 0.4817 0.000 2.03 1.87 0 0 0 0 0 0
SILICON 215.607 3.650 211.957 5.70 5.27 20 27 1,966 2,727 196,553 272,718 1,965,535 2,727,180
SILVER 1.183 0.249 0.934 0.74 0.69 0 0 1 2 113 156 1,126 1,563
STRONTIUM 4.858 0.1 4.758 0.91 0.84 0 0 7 10 706 980 7,065 9,803
THALLIUM 0.461 0.02 0.441 0.59 0.54 0 0 0 1 42 58 421 584
TIN 1071.108 1.0257 1070.082 1.35 1.25 23 33 2,346 3,255 234,598 325,504 2,345,977 3,255,043
TITANIUM 630.196 0.3353 629.861 3.34 3.09 34 47 3,422 4,747 342,160 474,747 3,421,603 4,747,474
VANADIUM 36.396 0.0261 36.370 2.36 2.18 1 2 139 193 13,933 19,332 139,333 193,324
YTTRIUM 0.157 0.005 0.152 1.35 1.25 0 0 0 0 33 46 334 463
ZINC 1203.557 3.9 1199.657 1.22 1.13 24 33 2,387 3,312 238,728 331,235 2,387,277 3,312,347
ZIRCONIUM 1.085 2.71 0.000 1.32 1.22 0 0 0 0 0 0 0 0
286 397 28,628 39,721 2,862,751 3,972,067 28,627,511 39,720,671
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Table 2-23. O&M Cogt Estimates for Raw TIP Chemica Precipitation - Metals Option 4

('\Ijllgv[v)) Energy Maintenance Labor I-rl;zuxreasn%e Chgr; Sltcal 082— I\(jltaé:ost
(1989 $/YR)
0.000001 1,000 35 13,116 18 5 14,174
0.00001 1,000 126 13,116 63 51 14,356
0.001 1,010 1,617 13,475 809 5,068 21,979
0.01 1,104 5,082 14,741 2,541 50,683 74,151
0.05 1,520 10,245 15,696 5,123 253,416 286,000
0.1 2,040 14,376 16,126 7,188 506,832 546,562
0.5 6,200 33,208 17,171 16,604 2,534,161 2,607,344
1.0 11,400 48,276 17,641 24,138 5,068,322 5,169,777
5.0 53,000 116,964 18,784 58,482 25,341,609 25,588,839

For fadlitieswhicha ready have chemical preci pitationtrestment in-place, EPA estimatedan O& M
upgrade cost. EPA assumed that facilities with primary chemicad precipitation in-place have effluent
concentrations exiting the primary precipitation/solid-liquids separation sysem equa to the metads
subcategory primary precipitation current loadings. Similarly, EPA assumed that facilitieswithsecondary
chemical precipitationin place have effluent concentrations exiting the secondary precipitation/solid-liquids
separation system equd to metas subcategory secondary precipitation current loadings (see Chapter 12
of the Development Document for the CWT Point Source Category for a detailed discussion of metds
subcategory primary and secondary chemica precipitation current loadings).

For the portion of the O& M upgrade equation associ ated withenergy, maintenance, and labor, for
fadlities that currently have primary precipitation systems EPA calculated the percentage difference
between the primary precipitation current loadingsand Metals Option 4 (Sample Point-03) concentrations.
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This difference is an increase of gpproximately two percent. Therefore, EPA caculated the energy,
maintenance, and labor components of the O&M upgrade cost for fadlities with primary chemica
precipitationin-place at two percent of the O& M cost for fadilitieswithno chemica precipitationin-place.
For the portion of the O& M upgrade equation associated with energy, maintenance, and labor,

for fadlitiesthat currently have secondary precipitation systems EPA ca culated the percentage difference
between secondary preci pitation current loadings and Metds Option4 (Sample Point-03) concentrations.
This difference is dso anincrease of approximately two percent!. Therefore, EPA calculated the energy,
maintenance, and labor components of the O&M upgrade cost for facilities with secondary chemical
precipitationin-place at two percent of the O& M cost for fadilitieswithno chemica precipitationin-place.
For the chemical cost portion of the O& M upgrade, EPA aso cal culated upgradecosts depending
onwhether the facility had primary precipitation or secondary precipitation currently in-place. For fecilities
with primary precipitation, EPA ca culated chemica upgrade costs based on current-to-Metals Option 4
(Sample Point-03) removas. Similarly for facilitieswith secondary precipitation, EPA calculated chemica
upgrade costs based on secondary precipitationremovasto Meta s Option4 (Sample Point -03) removals.
In both cases, EPA did not include costs for pH adjustment or buffering chemicals since these chemicals
should already be used in the in-place trestment system. Findly, EPA included a 10 percent excess of
chemica dosage to the stoichiometric requirements of the precipitation chemicas. Tables 2-24 and 2-25
present the lime and caudtic requirementsfor the Metds Option4 primary chemicd precipitation upgrades
for facilitieswith primary treatment in-place and facilities with secondary trestment in-place, respectively.

L \while pollutant concentrations resulting from secondary chemica precipitation are generdly lower than those
resulting from primary chemical precipitation, the percentage increase (when rounded) for primary and secondary
precipitation are the same.
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Table2-24.  Lime and Caustic Requirements for Primary Chemical Precipitation Upgrades - Metals Option 4 -
Primary Trestment In-place

Dosage Rates Flow = 0.001 MGD Flow =0.01 MGD Flow = 0.1 MGD Flow =1.0 MGD
Primary SP03 Pri - SP03
Pollutant Level Level Level
(mg/L) (mg/L) (mg/L) Caustic Lime Caustic Lime Caustic Lime Caustic Lime Caustic Lime
(LBS/YR) (LBS/YR) (LBS/YR) (LBS/YR) (LBS/YR) (LBS/YR) (LBS/YR) (LBS/YR) (LBS/YR) (LBS/YR)
ALUMINUM 28.264 5.580 22.684 4.45 4.11 120 167 1,203 1,670 12,033 16,695 120,326 166,953
ANTIMONY 4.152 0.5167 3.635 1.64 1.52 7 10 71 99 712 988 7,122 9,882
ARSENIC 0.181 0.390 0.000 2.67 2.47 0 0 0 0 0 0 0 0
BORON 35.047 16.333 18.714 11.1 10.3 248 344 2,478 3,438 24,776 34,376 247,756 343,762
CADMIUM 0.254 0.501 0.000 0.71 0.66 0 0 0 0 0 0 0 0
CHROMIUM 3.986 12.537 0.000 2.31 2.13 0 0 0 0 0 0 0 0
COBALT 0.214 0.242 0.000 2.04 1.88 0 0 0 0 0 0 0 0
COPPER 1.796 7.123 0.000 1.26 1.16 0 0 0 0 0 0 0 0
IRIDIUM 6.642 3.283 3.359 0.83 0.77 3 5 33 46 333 463 3,335 4,627
IRON 16.076 29.533 0.000 2.15 1.99 0 0 0 0 0 0 0 0
LEAD 1.909 0.616 1.293 0.77 0.71 1 2 12 17 119 165 1,191 1,652
LITHIUM 35.757 4.03 31.727 5.76 5.33 218 303 2,181 3,026 21,806 30,255 218,057 302,553
MANGANESE 1.551 0.245 1.306 2.91 2.69 5 6 45 63 454 629 4,536 6,294
MERCURY 0.0210 0.0133 0.008 0.40 0.37 0 0 0 0 0 1 4 5
MOLYBDENUM 5.833 3.06 2.773 2.50 2.31 8 11 83 115 827 1,148 8,273 11,479
NICKEL 20.083 2.79 17.293 2.04 1.89 42 58 422 585 4,215 5,849 42,154 58,489
SELENIUM 0.277 0.4817 0.000 2.03 1.87 0 0 0 0 0 0 0 0
SILICON 4.378 3.650 0.728 5.70 5.27 5 7 50 69 495 687 4,951 6,869
SILVER 0.223 0.249 0.000 0.74 0.69 0 0 0 0 0 0 0 0
STRONTIUM 5.549 0.1 5.449 0.91 0.84 6 8 59 82 593 823 5,933 8,233
THALLIUM 0.026 0.02 0.006 0.59 0.54 0 0 0 0 0 1 4 6
TIN 2.397 1.0257 1.371 1.35 1.25 2 3 22 31 220 306 2,205 3,059
TITANIUM 0.152 0.3353 0.000 3.34 3.09 0 0 0 0 0 0 0 0
VANADIUM 0.045 0.0261 0.019 2.36 2.18 0 0 1 1 5 7 53 74
YTTRIUM 0.03 0.005 0.025 1.35 1.25 0 0 0 1 4 6 40 56
ZINC 2.425 3.9 0.000 1.22 1.13 0 0 0 0 0 0 0 0
ZIRCONIUM 1.855 2.71 0.000 1.32 1.22 0 0 0 0 0 0 0 0
666 924 6,659 9,240 66,594 92,399 665,940 923,991
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EPA then combined the energy, maintenance and labor componentsof the O& M upgrade withthe
chemica portion of the O&M upgrade to develop two sets of O& M upgrade equations for the primary
chemica precipitation portion of Metas Option 4.

The itemized O& M upgrade cost estimates for the facilities that currently have primary chemica
precipitationin-place are presented in Table 2-26, whilethe O& M upgrade cost estimatesfor the fadlities
that currently have secondary chemica precipitation in-place are presented in Table 2-27. The resulting
cost curves are presented as Figures 2-20 and 2-21. The O&M upgrade cost equations for the facilities
that have primary and secondary chemical precipitation treatment in-place are presented below as
Equations 2-20 and 2-21, respectively.

In(Y2) = 11.6203 + 1.05998In(X) + 0.04602(In(X))? (2-20)

In(Y2) = 10.9500 + 0.94821In(X) + 0.04306(In(X))? (2-21)
where:

X=Flow Rate (MGD)

Y2=0&M Cost (1989 $/YR)

215 Secondary (Sulfide) Precipitation for Metals Option 4

The Meds Option 4 secondary sulfide precipitation sysem follows the primary metds
precipitation/clarification step. This equipment conssts of a mixed reaction tank with pumps and a
trestment chemical feed system, sized for the full daily batch volume. For direct dischargers, the overflow
from secondary sulfide precipitation would carry on to a clarifier and then multi-media filtration. For
indirect discharges, the overflow would go immediatdly to the filtration unit, without darification. Cost
estimates for the clarifier are discussed in Section 2.2.2 of this document. Cost estimates for multi-media

filtration are presented in Section 2.5.
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Table 2-26. O&M Cogt Estimates for Primary Chemica Precipitation TIP - Metas Option 4

('\I;Igvg/)) Energy Maintenance Labor I-Ir;gf;n%e Chg)n ;tcal O&T l\(jlta(I:ost
(1989 $'YR)
0.000001 20 1 262 8 1 292
0.00001 20 3 262 27 1 313
0.001 20 32 270 32 118 472
0.01 22 102 294 786 1,179 2,383
0.05 30 205 314 786 5,895 7,230
01 41 288 323 786 11,790 13,228
0.5 124 664 343 786 58,950 60,867
1.0 228 966 353 786 117,900 120,233
5.0 1,060 2,340 376 786 589,502 594,064
Table 2-27. O&M Upgrade Cost Estimates for Secondary Chemica Precipitation TIP -
Metals Option 4
('\Tg\g) Energy Maintenance Labor I-r::lz(?;ni‘e Chg: sitcal 082- l\(jltacllost
(1989 $YR)
0.000001 20 1 262 8 0 201
0.00001 20 3 262 27 1 313
0.001 20 32 270 32 44 398
0.01 22 102 294 786 439 1,643
0.05 30 205 314 786 2,196 3,531
0.1 41 288 323 786 4,392 5,830
05 124 664 343 786 21,959 23,876
1.0 228 966 353 786 43,918 46,251
50 1,060 2,340 376 786 219,588 224,150
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Figure2-20. O&M Cost Curvefor Primary Chemical Precipitation - Metals Option 4 - Primary
Treatment In-place
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For cogting purposes, EPA assumed that fadlitieseither have secondary precipitationcurrently in-
place and attributes no additiona capital and O&M costs to these facilities, or EPA assumesthat fadilities
do not have secondary sulfidepreci pitationin-place and, consequently, EPA developed costsfor ful O& M
and capitd costs. Therefore, EPA has not developed upgrade costs associated with secondary
precipitation in Metals Option 4.

Capital and Land Costs

EPA developed capital cost estimates for the secondary sulfide precipitation sysems in Metas
Option 4 from vendor’s quotes. EPA estimated the other components (i.e., piping, insrumentation, and
controls, etc.) of the sulfide preci pitation system by goplying the same methodol ogy, factors and additiona
costs as outlined for the primary chemica precipitation system for Metas Option 4 (see Section 2.1.4
above). Table 2-28 presents the itemized capital cost estimates for the secondary precipitation (sulfide
precipitation) systems, while Figure 2-22 presentsthe resulting cost curve. Thetota capital cost equation
for Metas Option 4 secondary (sulfide) precipitation is.

In(Y 1) = 13.829 + 0.544In(X) + 0.00000496(In(X))? (2-22)
where:

X =How Rate (MGD) and

Y1 = Capital Cost (1989 $).
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Table 2-28. Tota Capitd Cost Estimates for Secondary (Sulfide) Precipitation - Metals Option 4

. . Engineering Total
sy T TIE  L g s
0.000001 218 65 65 76 127 551
0.00001 762 229 229 267 446 1,933
0.001 9,329 2,799 2,799 3,265 5,457 23,649
0.01 32,646 9,794 9,794 11,426 19,098 82,758
0.05 78,355 23,507 23,507 27,424 45,838 198,631
0.1 114,243 34,273 34,273 39,985 66,832 289,606
0.5 274,201 82,260 82,260 95,970 160,408 695,099
1.0 399,788 119,936 119,936 139,926 233,876 1,013,462
5.0 959,554 287,866 287,866 335,844 561,339 2,432,469

Table 2-29 presentstheland requirementsfor the Metal s Option4 secondary (sulfide) precipitation

treatment systems. Theland areacurve is presented as Figure 2-23. The land requirement equation for

Metals Option 4 secondary (sulfide) precipitation is.

In(Y3) = -1.15 + 0.449In(X) + 0.027(In(X))?

where:

X =How Rate (MGD) and

Y 3 = Land Requirement (Acres).
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Table2-29. Land Requirement Estimates for Secondary (Sulfide) Precipitation -

Metals Option 4
Flow AreaRequired
(MGD) (Acres)
0.0040 0.056
0.0071 0.063
0.015 0.088
0.10 0.126
0.25 0.166
0.5 0.186
1.0 0.388
10,000,000
™
o 1,000,000 =
S
2
()
g
% 100,000 =
]
10,000 Ll L1l L1l L1l L1 P11l
0.0001 0.001 0.01 0.1 1 10

Flow (MGD)

Figure 2-22.  Total Capitd Cost Curve for Secondary (Sulfide) Precipitation Systems - Metals
Option 4
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Figure 2-23. Land Requirement Curve for Secondary (Sulfide) Precipitation Systems -
Metas Option 4

Labor and Chemical Costs

For fadlities with no secondary precipitation systems in-place, EPA estimated the labor
requirements at two hours per batch, one batchper day. EPA based this estimate on standard operation
a the Metds Option 4 mode facility.

For secondary sulfide precipitation in Metals Option 4, EPA did not base the chemicd cost
edimates on soichiometric requirements. Instead, EPA estimated the chemical costs based on dosage
rates for the addition of polymer and ferrous sulfide, obtained during the sampling of the Metals Option 4
modd plant with BAT performance. Polymer was added at a rate of 0.0024 gallons per galon of
wastewater. The polymer used wasthe ARIES TEK LTD cationic polymer 3196 used at arate of 16 0z
of polymer per 100 gdlons of water. The pricing according to the manufacturer is $1.67/Ib. Theferrous
sulfide durry was added at a rate of 0.0012 gdlons per galon of wastewater. The ferrous sulfide durry
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was prepared using 100 Ibs of ferrous sulfate, 15 Ibs of hydrated lime, 70 Ibs of sodium sulfide and 500
gdlons of water. According to the CWT BAT mode plant, the pricing of these chemicaswas asfollows
$0.11/1b for ferrous sulfate, $0.044/1b for hydrated lime, and $0.38/Ib for sodium sulfide. EPA assumed
that the cost of water was negligible compared to the other items.

Table 2-30 presentsthe itemized annud O& M cost estimates for the Metals Option 4 secondary
(sulfide) chemica precipitation sysem. The resulting cost curve ispresented as Figure 2-24. The O&M
cost equation for the Metals Option 4 secondary (sulfide) precipitation is.

In(Y2) = 12.076 + 0.63456In(X) + 0.03678(In(X))? (2-24)
where:

X =How Rate (MGD) and

Y2=0&M Cost (1989 $/YR).

Table 2-30. O&M Cost Estimates for Sulfide Precipitation Systems - Metals Option 4

(I\T(C);VI;) Energy Maintenance I-:\-:L):rfn%e Labor o0l Chemical Cos TOtglo(s)t& !
ymer FeS (1989 $/YR)
0.00001 1,000 77 39 13,116 1 1 14,234
0.001 1,010 946 473 13,475 9 72 15,985
0.01 1,104 3,310 1,655 14,741 87 718 21,615
0.05 1,520 7,945 3,973 15,696 438 3,588 33,160
0.1 2,040 11,584 5,792 16,126 873 7,176 43,591

0.5 6,200 27,804 13,902 17,171 4,368 35,880 105,325
1.0 11,400 40,538 20,269 17,641 8,736 71,760 170,344
50 53,000 97,299 48,649 18,784 43,680 358,800 620,212
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Figure 2-24. O&M Cost Curve for Secondary (Sulfide) Precipitation Systems -
Metas Option 4

2.2  Plateand FrameLiquid Filtration and Clarification

Clarification sysems provide continuous, low-cost separation and removal of suspended solids
from water. Wadte treatment facilities use clarification to remove particulates, flocculated impurities, and
precipitants, often following chemical precipitation. Smilarly, waste trestment facilities dso use plate and
frame pressure systems to remove solidsfromwaste streams. As described in this section, these plate and
frame filtration systems serve the same function as darification and are used to remove solids fallowing
chemicd precipitation fromliquid wastestreams. The mgor difference between clarification sysemsand
plate and frame liquid filtration systemsiis that the dudge generated by dlarification generaly needsto be
processed further prior to landfilling, whereas, the dudge generated by plate and frame liquid filtrationdoes

not.
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EPA cogted facilities to include a plate and frame liquid filtrationsystemfollowing sdlective metds
precipitation in Metds Options 2 and 3. The components of the plate and frame liquid filtration system
include: filter plates, filter cloth, hydraulic pumps, control panel, connector pipes, and asupport platform.
Since EPA costed dl metals facilities for selective metals precipitation sysemsfor Metas Options 2 and
3 (except the one facility which aready utilizes this technology), EPA dso costed dl metds fadilities for
plate and frame liquid filtrationsystems. Consequently, EPA did not devel op any upgrade costs associated
with the use of plate and frame liquid filtration, for sdlective meta's precipitation treatment systems.

EPA ds0 cogted facilitiesto indudea darifier fallowing secondary precipitationfor Metals Option
2 and following both secondary and tertiary precipitationfor Metals Option 3. For Metals Option 4, EPA
costed fadilities to include a clarifier following primary chemical precipitation and following secondary
precipitation (for direct dischargersonly). EPA designed and costed a single darification system for dl
options and locations in the trestment train. The components of this clarification sysem include a

clarification unit, flocculation unit, pumps, motor, foundation, and accessories.

2.2.1 Plate and Frame Liquid Filtration Following Selective Metals Precipitation -
Metals Options 2 and 3

Capital and Land Costs

The plate and frame liquid filtration equipment following the sdlective metas precipitation step for
the modd technology in Metds Option 2 and 3 congsts of two plate and frame liquid filtration sysems.
EPA assumed that each systemwould be used to process two batches per day for atotal of four batches.
EPA costed the plate and frame liquid filtration systems in this manner to dlow facilities to segregate their
wadtes into smaller batches, thereby facilitating selective metals recovery. EPA sized each of the unitsto
process a batch congsting of 25 percent of the daily flow and assumed that the influent to the plate and
framefiltrationunits would consist of 96 percent liquid and four percent (40,000 mg/) solids (based onthe
modd facility).
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Table 2-31 presents the itemized capita cost estimates for the plate and frame filtration sysems
following selective metds precipitation, while Figure 2-25 presents the resulting cost curve. The total
capital cost equation for Metals Options 2 and 3 plate and frame filtration systems (following sdective
metals precipitation) is:

In(Y 1) = 14.024 + 0.859In(X) + 0.040(In(X))? (2-25)
where:

X =How Rate (MGD) and

Y 1 = Capital Cost (1989 $).

Table2-31. Tota Capitd Cost Estimatesfor Plate and Frame Pressure Filtration- Metals Options 2 and
3 - Sdective Metas Precipitation

Flow Average Installation Total Equipment Engineering Total
(MGD) Vendor Cost & & Contingency Capita Cost
Equipment Cost Installation Cost Fee (1989 %)
0.000001 9,147 3,201 12,348 3,704 14,607
0.00001 9,147 3,201 12,348 3,704 14,607
0.0001 9,185 3,215 12,400 3,720 14,669
0.0010 12,813 4,485 17,298 5,189 20,463
0.0100 30,368 10,629 40,997 12,299 48,499
0.100 122,294 42,803 165,097 49,529 195,310
0.500 443,600 155,260 598,860 179,658 708,451
1.000 836,855 292,899 1,129,754 338,926 1,336,499
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Figure 2-25. Pae and Frame Filtration (Liquid Stream) Tota Capital Cost Curve for Selective
Metds Precipitation - Metals Options 2 and 3

The land requirement cost curve for Metals Options 2 and 3 selective metds precipitation liquid
filtration systems is presented as Figure 2-26; the subsequent equétion is:

In(Y3) = -1.658 + 0.185In(X) + 0.009(In(X))? (2-26)
where:

X =How (MGD) and

Y 3 = Land Requirement (Acres).
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Figure 2-26. Pae and Frame Filtration (Liquid Stream) Land Requirement Curve for
Selective Metas Precipitation - Metas Options 2 and 3

Chemical Usage and Labor Requirements

EPA edtimated that |abor requirementsfor plateand frame liquid filtrationfor Metals Options 2 and
3 would be 30 minutes per batch per filter press (based onthe Metas Options 2 and 3 mode facility).
Thereare no chemicds associated withthe operationof the plate and frame filtrationsystems. Theitemized
O&M cost estimates for the Metals Options 2 and 3 plate and framefiltration systems are presented in
Table 2-32. Theresulting cost curve is presented as Figure 2-27. The O&M eguation for the Metads
Options 2 and 3 sdlective metds precipitation plate and frame filtration systemsis:

In(Y2) = 13.056 + 0.193In(X) + 0.00343(In(X))? (2-27)
where:

X =How Rate (MGD) and

Y2=0&M Cost (1989 $/YR).
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Table 2-32. O&M Cogt Egtimates for Plate and Frame Pressure Filtration - Metds Options
2 and 3 - Sdlective Metas Precipitation

Flow Energy Maintenance Taxes Labor O&M
(MGD) & Cost
Insurance (1989 $'YR)
0.000001 1,000 293 147 70,920 72,360
0.00001 1,000 293 147 70,920 72,360
0.0001 1,000 294 147 70,920 72,361
0.001 1,010 409 205 214,196 215,820
0.01 1,104 970 485 214,196 216,755
0.1 2,040 3,906 1,953 286,200 294,099
0.5 6,155 14,169 7,085 354,600 382,009
10 11,464 26,730 13,365 425,520 477,079
1,000,000
T
Z
&+
% 100,000
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Figure 2-27. Pate and Frame Filtration (Liquid Stream) O&M Cogt Curve for Selective Metals
Precipitation - Metals Options 2 and 3
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Eventhoughthe metal-richdudge generated fromseective metds precipitationand plate and frame
liquid filtration may be recycled and re-used, EPA additiondly included costs associated with disposa of
these dudges in alandfill. The discussion for filter cake disposdl is presented separately in Section 4.2.
Thesedisposal costs are additiond O& M costs whichmust be added to the O& M costs ca culated above
to obtain the total O& M cogts associated with plate and frame liquid filtration system for Metas Options
2and 3.

2.2.2 Clarification - Metals Options 2,3, and 4

Capital and Land Costs

EPA obtained the capital cost estimatefor clarificationsystemns from vendors. EPA designed the
clarificationsystem assuming an influent total suspended solids (TSS) concentration of 40,000 mg/L (four
percent solids) and an effluent TSS concentration of 200,000 mg/L (20 percent solids). In addition, EPA
assumed adesign overflow rate of 600 gpd/ft2. EPA estimated theinfluent and effluent TSS concentrations
and overflowrate based onthe WTI Questionnaire response for Questionnaire ID 105. Asdetailedearlier,
the same capita cost equation is used for dl of the clarification sysems for dl of the Metals Options
regardiess of its location in the trestment train. EPA did not develop capital cost upgrades for fadlities
which dready have darification sysemsin-place. Therefore, fadilitieswhichcurrently have darifiers have
no land or capita codts.

EPA obtained the capitd cost estimates for the clarification systems from vendors. The itemized
capita cost estimates for the clarification sysems are presented in Table 2-33. The resulting cost curve
is presented as Figure2-28. Thetotal capital cost equation for the Metas Options 2, 3, and 4 clarification

gysemsis
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In(Y 1) = 11.552 + 0.409In(X) + 0.020(In(X))? (2-28)
where:

X =How (MGD) and

Y 1 = Capital Cost (1989 $).

Table 2-33. Tota Capita Cost Estimates for Clarification Systems - Metals Options 2, 3, and 4

Instrum. Engineer. Tota Tota
Vol/Day System Install. Piping & & Capitd Capitd
(MGD) Cost Controls Conting. Cost Cost

(1993%) (19899

0.000001 6,579 2,303 1,974 1,974 3,849 16,679 15,178
0.00001 6,579 2,303 1,974 1,974 3,849 16,679 15,178
0.0001 6,579 2,303 1,974 1,974 3,849 16,679 15,178
0.001 6,971 2,440 2,091 2,091 4,078 17,671 16,081
0.01 9,547 3,341 2,864 2,864 5,585 24,201 22,023
0.05 14,550 5,093 4,365 4,365 8,512 36,885 33,565
0.1 18,358 6,425 5,507 5,507 10,739 46,536 42,348
0.5 35466 12,413 10,640 10,640 20,748 89,907 81,815

10 49,563 17,347 14,869 14,869 28,994 125,642 114,334
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Figure 2-28. Totd Capitd Cost Curve for Clarification Systems - Metals Options 2, 3, and 4

Figure 2-29 presents the land requirement cost curve for the Metals Options 2, 3, and 4

clarification sysems. The equation rdaing the flow of the dlarification sysem with the land requirement
for dl Metds Optionsis.

In(Y3) =-1.773 + 0.513In(X) + 0.046(In(X))? (2-29)
where:

X = Flow (MGD) and

Y 3 = Land Requirement (Acres).
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Figure 2-29. Land Requirement Curve for Clarification Systems - Metals Options 2,
3,and 4

Chemical Usage and Labor Requirements

EPA egsimated the labor requirements for the clarification sysems for Metas Options 2 and 3
folowing secondary precipitation and Metds Option 4 fallowing primary and secondary (for direct
dischargers only) precipitationat three hours per day for low-flow clarifiers and four to Sx hours per day
for high-flow darifiers. Based on manufacturersrecommendations, EPA sdlected the flow cut-off between
high-flow and low-flow sysems to be 1,000 gdlons per day. For the clarifier following tertiary
precipitationin Metals Option 3 only, EPA estimated the |abor requirement at one hour per day (based on
the operation of the Metds Option 3 modd facility). For dl clarifiersfor dl Metas Options and trestment
trainlocations, EPA estimated a polymer dosage rate of 2.0 mg per liter of wastewater (for the flocculation
step) based on the MP&M industry cost moddl.
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Table 2-34 presents the itemized O& M cost estimatesfor the Metals Options 2 and 4 darification
treatment systems, while Table 2-35 presents the itemized O& M cost estimates for the Metals Option 3
darificationsystems. The resulting cost curves are presented as Figures 2-30 and 2-31. Equations 2-30
and 2-31 present the O& M cost equations for darificationsystems for Metas Options 2 and 4 and Metas

Option 3, respectively.

In(Y2) = 10.673 + 0.238In(X) + 0.013(In(X))? (2-30)
In(Y2) = 10.294 + 0.362In(X) + 0.019(In(X))? (2-31)

where:
X = How Rate (MGD),

Y2= O&M Cost (1989 $/YR).

Table 2-34. O&M Cost Estimates for Clarification Systems - Metas Options 2 and 4

Taxes Polymer Total Total

Vol/day Energy Labor Maintenance & Cost O&M Cost O&M Cost

(MGD) Insurance (1993 $'YR) (1989 $'YR)
0.000001 1,000 15,741 667 334 10 17,752 16,154
0.00001 1,000 15,741 667 334 10 17,752 16,154
0.0001 1,000 15,741 667 334 10 17,752 16,154
0.001 1,010 15,857 706 353 15 17,941 16,326
0.01 1,104 16,842 968 484 150 19,548 17,789
0.05 1,520 18,210 1,475 738 750 22,693 20,651
0.1 2,040 19,005 1,861 931 1,500 25,337 23,057
0.5 6,155 21,439 3,596 1,798 7,500 40,488 36,844
1.00 11,464 22,788 5,025 2,513 15,000 56,790 51,679

2-60



Section2  Physical/Chemical Wastewater Detailed Costing Document for the CWT Point Source Category
Treatment Technology Costs

Table 2-35. O&M Cost Estimates for Clarification Systems - Metals Option 3

Taxes Polymer Total Total
Vol/day Energy Labor Maintenance & Cost O & M Cost O & M Cost
(MGD) Insurance (1993 $/YR) (1989 $/YR)
0.000001 1,000 5,247 667 334 10 7,258 6,605
0.00001 1,000 5,247 667 334 10 7,258 6,605
0.0001 1,000 5,247 667 334 10 7,258 6,605
0.001 1,010 5,286 706 353 15 7,370 6,707
0.01 1,104 5,614 968 484 150 8,320 7,571
0.05 1,520 6,070 1,475 738 750 10,553 9,603
0.1 2,040 6,335 1,861 931 1,500 12,667 11,527
0.5 6,155 7,146 3,596 1,798 7,500 26,195 23,837
1.00 11,464 7,596 5,025 2,513 15,000 41,598 37,854

100,000
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O & M Cost (1989 $/YR)

10,000 L1l 1111l 111l
0.0001 0.001 0.01 0.1 1 10
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Figure 2-30. O&M Cost Curve for Clarification Systems - Metals Options 2 and 4
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Figure 2-31. O&M Cost Curve for Clarification Systems - Metals Option 3

As shown in Table 1-3, dudge filtration follows darification for the secondary precipitation step
of Metds Options 2 and 3 and the primary and secondary (direct dischargers only) of Metas Option 4.
The cogting discussion and equations for dudge filtration and the associated filter cake disposa are
presented in Section 4.1 and 4.2, respectively.

For fadilitieswhichalready have darificationsystems or plate and frame liquid filtrationsystems in-
placefor each optionand location in the treestment train, EPA estimated upgrade costs. EPA assumed that
clarification sysems and plate and frame liquid filtrationsysems are equivdent. Therefore, if afacility has
anin-placeliquid filtration systemwhich can serve the same purpose as a clarifier, EPA costed this facility
for an upgrade only and not a new system.

For the darificationstep following secondary precipitation in Metas Options 2 and 3, in order to
quantify the O& M increase necessary for the O&M upgrade, EPA compared the difference between

2-62



Section2  Physical/Chemical Wastewater Detailed Costing Document for the CWT Point Source Category
Treatment Technology Costs

secondary precipitation current performance concentrations and the Metads Option 2 long- termaverages.
EPA determined facilities would need to increase their current removals by 3 percent. Therefore, for in-
place clarification systems (or plate and frame ligquid filtration systems) which could serve as the clarifier
folowing secondary chemica precipitation for Metas Option 2 and 3, EPA induded an O&M cost
upgrade of three percent of the O& M costs for a brand new system (except for taxes, insurance, and
maintenance which are afunction of the capitd cogt).

For fadlitieswhichaready have darifiersor plate and frame liquid filtration sysems in-place which
could serve as the clarifier following the tertiary chemica precipitation of Metals Option 3, EPA did not
estimate any O& M upgrade costs. EPA assumed the in-place technologies could perform aswell as (or
better) than the technology costed by EPA.

Equations 2-32 and 2-33 present the O& M upgrade cost equations for the Meta's Options 2 and
3 darification and liquid filtration systems, respectively.

In(Y2) = 7.166 + 0.238In(X) + 0.013(In(X))? (2-32)
In(Y2) = 8.707 + 0.333In(X) + 0.012(In(X))? (2-33)

where:
X = FHow Rate (MGD),

Y2= 0&M Cost (1989 $/YR).

Figures 2-32 and 2-33 present the cost curves for the Metals Options 2 and 3 darification and liquid
filtration O&M upgrade, respectively.

2-63



Section2  Physical/Chemical Wastewater Detailed Costing Document for the CWT Point Source Category

Treatment Technology Costs
10,000
3
Z
&
[<2]
2]
[<2]
2
2 1,000
(8}
=
I~
(@]
100 1 L1l Lol 1 Ll Lol L1t
0.0001 0.001 0.01 0.1 1 10

Flow (MGD)

Figure 2-32. O&M Upgrade Cost Curve for Clarification Systems - Metals Options 2 and 3
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Figure 2-33. Pate and Frame Filtration (Liquid Stream) O&M Upgrade Cost Curve for Primary
Chemical Precipitation - Metals Options 2 and 3
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For fadlitieswhichaready have darifiersor plate and frame liquid filtration systems in-place which
could serve asthe daifier followingthe primary chemica precipitationof Metds Option4, EPA compared
the differencebetweenprimary precipitationcurrent loadings and the long-termaveragesfor Metas Option
4, Sample Point 03 (Sample Point 03 follows primary precipitation and darification a the Metds Option
4 modd fadility). EPA determined that facilitieswould need to increase their removashby 2%. Therefore,
for in-place darification systems (or plate and frame liquid filtration systems) which could serve as the
clarifier following primary chemicd precipitationfor Metas Option 4, EPA includedanO& M cost upgrade
of two percent of the O&M costs for abrand new system (except for taxes, insurance, and maintenance
which are afunction of the capitd cost).

EPA did not cdculate an O&M upgrade equation for the clarification step following secondary
chemica precipitation (direct dischargers only) of Metas Option 4. EPA costed dl direct discharging
fadlitiesfor anew clarificationsystemfollowing secondary chemicd precipitationfor Metals Option4 since
none of the direct discharging metals facilities had trestment in-place for this step.

The O& M upgrade cost equations for the Metas Option4 dlarificationand liquid filtrationsystems
are presented below as Equations 2-34 and 2-35, respectively.

In(Y2) = 6.8135 + 0.3315In(X) + 0.0242(In(X))? (2-34)
In(Y2) = 12.0242 + 1.17676In(X) + 0.05005(In(X))? (2-35)

where:

X =Fow Rate (MGD),
Y2 = O&M Cost (1989 ¥YR).
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2.3  Equalization

To improve treatment, fadilities often need to equalize wastes by holdingtheminatank. The CWT
industry frequently uses equaization to minimize the variability of incoming wastes effectively .

EPA costed an equdization system which consists of a mechanical aeration basin based on
responses to the WTI Questionnaire. EPA obtained the equalization cost estimates from the 1983 U.S.
Army Corps of Engineers Computer Assisted Procedure for Desgn and Evaudtion of Wastewater
Treatment Systems (CAPDET). EPA origindly used this program to estimate equdization codts for the
OCPSF Indugtry. Table2-36 liststhe default design parametersthat EPA used inthe CAPDET program.
These default design parameters are reasonable for the CWT industry sincethey reflect vaues seenin the
CWT indudry. For example, thedefault detention time (24 hours) isappropriate sincethiswasthemedian
equalization detention time reported by respondents to the WTI Questionnaire.

Table 2-36. Design Parameters Used for Equaization in CAPDET Program
Aerator mixing requirements = 0.03 HP per 1,000 gallons,

Oxygen requirements = 15.0 mg/l per hour;
Dissolved oxygeninbasn = 20 mgl/l;
Depth of basn = 6.0 feet; and
Detentiontime = 24 hours.

EPA did not caculate capital or O&M upgrade equations for equaization. If a CWT facility
currently has anequdizationtank in-place, the facility received no costs associ ated withequdization. EPA
assumed that the equdizationtanks currently in-placeat CWT fadilitieswould performaswel as (or better
than) the system costed by EPA.
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Capital and Land Costs

The CAPDET program cdculates capital costs which are “total project costs” These “total
project costs’ includedl of the items previoudy lised in Table 1- 1 aswel asmiscdlaneous noncongtruction
costs, 201 planning costs, technica costs, land codts, interest during construction, and laboratory cods.
Therefore, to obtain capita costsfor the equdizationsystems for thisindustry, EPA calculated capital costs
based on totd project costs minus: miscellaneous nonconstruction costs, 201 planning costs, technica
costs, land codts, interest during congtruction, and laboratory costs.

Table 2-37 presents the total capitd and land requirement estimates for the equaization systems.
Figure 2-34 presents the cost curve for the total capital cost of the equdizationsystems, while Figure 2-35
presentsthe cost curve for the land requirement for the equalization systems. Equation 2-36 presents the
cost equation for the total capital cost for equdizaion sysems. Equation 2-37 presents the land
requirement cost equation for the equdization systems.

In(Y 1) = 12.057 + 0.433In(X) + 0.043(In(X))? (2-36)

In(Y3) =-0.912 + 1.120In(X) + 0.011(In(X))? (2-37)
where:

X =Fow Rate (MGD),

Y1 = Capita Cost (1989 $), and

Y 3 = Land Requirements (Acres).
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Table 2-37. Tota Capital Cost, O&M Cogt, and Land Requirement Estimates
for Equdization Systems

Flow Rate Capital Cost O & M Cost Land Requirement

(MGD) (1989 %) (1989 $'YR) (acres)

0.001 59,800 33,400 0.0003

0.005 62,300 41,100 0.0015
0.01 64,200 45,400 0.003
0.05 73,200 59,100 0.015
0.10 80,680 67,600 0.03
0.50 119,100 97,500 0.15
0.75 137,900 108,700 0.34
1.0 155,100 117,900 0.46
1.5 215,900 137,900 0.69
2.0 222,200 150,200 0.92
3.0 309,600 178,100 1.38
4.0 352,900 202,200 1.84
5.0 423,500 226,900 2.30
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Figure 2-35. Land Requirement Curve for Equaization Systems
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Figure 2-36. O&M Cogt Curve for Equaization Systems

Operation and Maintenance Costs

EPA obtained O& M costs directly from theinitid year O& M costs produced by the CAPDET
program. The O&M cost estimates for equdization systems are presented in Table 2-37. Figure 2-36
presents the resulting cost curve. The O&M cost equation for the equaization systemsis:

In(Y2) = 11.723 + 0.311In(X) + 0.019(In(X))? (2-38)
where:

X =How Rate (MGD) and

Y2=0& M Cost (1989 $/YR).
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24  Air Stripping

Air gripping is an effective wastewater trestment method for removing dissolved gases and voldile
compoundsfromwastewater streams. The technology passes high volumes of air through an agitated gas-
water mixture. This promotes volatilization of compounds, and, preferably capturein air pollution control
systems.

The ar dripping system costed by EPA includes transfer pumps, control panels, blowers, and
ancillary equipment. EPA aso included cataytic oxidizers as part of the system for ar pollution control
pUrpOSeS.

If aCWT facility currently has an air gtripping systemin-place, EPA did not assign the facility any
costs associated with air stripping. EPA assumed that the air stripping systems currently in-placeat CWT
facilitieswould perform as well as (or better than) the system costed by EPA.
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Figure 2-37. Totd Capita Cost Curve for Air Stripping Systems
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Capital and Land Costs

EPA’sair gripping system is designed to remove pollutantswithmedium to high voldilities. EPA
used the pallutant 1,2-dichloroethane, whichhasaHenry’s Law Congtant of 9.14 E -4 atm*L/moal, asthe
design bass with an influent concentration of 4,000 - g/L and an effluent concentration of 68 - g/L. EPA
based these concentration on information collected onthe mode fadility’ soperation. EPA used the same
design bassfor the air dripping systems costed for the option 8v and 9v in the oils subcategory.

EPA obtained the equipment costs from vendor quotations. Table 2-38 presents the itemized
capital cost estimatesfor the ar sripping systems. Figure 2-37 presentsthe resulting cost curve. Thetota
capitd cost equation for the air stripping systemsis.

In(Y1) = 12.899 + 0.486In(X) + 0.031(In(X))? (2-39)
where:

X =How Rate (MGD) and

Y1 = Capital Cost (1989 $).

Table 2-38. Tota Capitd Cost Estimates for Air Stripping Systems

System & Engineering Totd
Flow (MGD) Ingtdlation Cost & Capitd Cost
(1989 $) Contingency (1989 $)
0.0001 48,210 14,463 62,673
0.001 50,760 15,228 65,988
0.01 64,800 19,440 84,240
0.1 108,675 32,603 141,278
05 224,930 67,479 292,409
1.0 317,970 95,391 413,361
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To develop land requirementsfor the ar sripping and cataytic oxidizer systems, EPA used vendor
data. The dimensons of the air strippers, in terms of length and width, are very smal compared to the
cadytic oxidizers. Figure 2-38 presents the land requirement curve for air stripping systems. The land
requirement equation for the air stripping systemsis

In(Y3) =-2.207 + 0.536In(X) + 0.042(In(X))? (2-40)
where:

X =How Rate (MGD) and

Y 3 = Land Requirement (Acres).
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Figure 2-38. Land Requirement Curve for Air Stripping Systems
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Operation and Maintenance Costs

For ar dripping, O&M costs include dectricity, maintenance, labor, cadys replacement, and
taxesand insurance. EPA obtained the O& M cogts from the same vendor which provided the capital cost
estimates.

EPA based the dectricity usage for the air strippers on the amount of horsepower needed to
operate the system and gpproximated the dectricity usage for the cataytic oxidizers at 50 percent of the
electricity used for the ar strippers. EPA based both the horsepower requirements and the eectricity
requirementsfor the cataytic oxidizer onvendor’ srecommendations. EPA estimated thelabor requirement
for thear stripping system at three hours per day, which is based on the mode facility’ s operation. EPA
assumed that the catalyst bedsinthe catalytic oxidizer would require replacement every four years based
onthe rule of thumb (provided by the vendor) that precious metd catdysts have alifetime of gpproximately
four years. EPA divided the costs for replacing the spent catalysts by four to convert them to annua
costs. Asisthe standard used by EPA for this industry, taxes and insurance were estimated at 2 percent
of thetota capital cost.

Table 2-39 presents the itemized O& M cost estimates for the air Stripping systems. Figure 2-39
presents the resulting cost curve. The O&M cost equation for the air stripping systemiis:

In(Y2) = 10.865 + 0.298In(X) + 0.021(In(X))? (2-41)
where:

X = How Rate (MGD) and

Y2= 0&M Cost (1989 $/YR).
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Table 2-39. O&M Cost Estimates for Air Stripping Systems

Taxes Catalyst Total Total
Flow ) & Replacement O&M Cost 0O&M Cost
(MGp) ~ E®W  Mantenance o ce L Cost (192 $YR) (1989 $/YR)
0.0001 1,050 1,928 964 16,425 33 20,400 19,176
0.001 1,575 2,030 1,015 16,425 50 21,095 19,829
0.01 2,100 2,592 1,296 16,425 102 22,515 21,164
0.1 5,250 4,347 2,174 16,425 500 28,696 26,974
0.5 11,812 9,000 4,500 16,425 1,500 43,237 40,643
1.0 21,000 12,720 6,360 16,425 4,250 60,755 57,110
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Figure 2-39. O&M Cogt Curvefor Air Stripping Systems
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25 Multi-M edia Filtration

Filtration is a proven technology for the remova of residua suspended solids from wastewater.
The multimedia filtration system costed by EPA for this industry is a system which contains sand and
anthracite cod, supported by gravel.

EPA based the design for the modd multimedia filtration sysem on the TSS dfluent long- term
average concentration for Metds Option 4 -- 15 mg/L. EPA assumed that the average influent TSS
concentrationto the multimedia filtration systemwould range from 75 to 100 mg/L. EPA basad theinfluent
concentration range on vendor's recommendations on redlistic TSS concentrations resulting from
wagtewater treetment following chemica precipitation and clarification.

EPA did not cdculate capita or O& M upgrade equations for multi-media filtration. If a CWT
facility currently has a multimedia filter in-place, EPA assigned the facility no costs associated with multi-
mediafiltration. EPA assumed that themulti-mediafilter currently in-placeat CWT facilitieswould perform
aswell as (or better than) the system costed by EPA.

Capital and Land Costs

EPA based the capitd costs of multi-media filters on vendor's recommendations. Table 2-40
presents the itemized tota capital cost estimates for the multi-media filtration systems. The resulting cost
curve is presented as Figure 2-40. Thetotd capital cost equation for the multi-mediafiltration system is:

In(Y 1) = 12.0126 + 0.48025In(X) + 0.04623(In(X))? (2-42)
where:

X =How Rate (MGD) and

Y 1 = Capital Cost (1989 $).
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Table 2-40. Totd Capitd Cost Estimates for Multi-Media Filtration Systems

Total
Instrument. Engineering Total .
FE&WG%?E Wcsct):[m Installation Piping & & Capital Cost ng |Sttal
Controls Contingency (1997 $) (19899)
0.01 23,500 8,225 7,050 7,050 13,748 59,573 47,198
0.05 31,000 10,850 9,300 9,300 18,135 78,585 62,261
0.50 55,000 19,250 16,500 16,500 32,175 139,425 110,463
1.0 87,000 30,450 26,100 26,100 50,895 220,545 174,732
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Figure 2-40. Total Capitd Cost Curve for Multi-Media Filtration Systems
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Todevelopland requirementsfor multi-mediafiltration systems, the vendor provided overal system
dimensons. EPA scded up the land dimensions to represent the tota land required for the system plus
peripheras (pumps, controls, accessaress, etc.). Table 2-41 presentstheland requirement for multi-media
filtration systems. Figure 2-41 presents the resulting cost curve. The land requirement equation for the
multi-mediafiltration sygemis

In(Y3) = -2.6569 + 0.19371In(X) + 0.02496(In(X))? (2-43)
where:

X = Flow (MGD) and

Y 3 = Land Requirement (Acres).

Table 2-41. Land Reguirement Estimates for Multi-Media Filtration Systems

Flow Rate
Land Requirement (Acres)
(MGD)
0.01 0.0485
0.05 0.0500
0.50 0.0602
1.0 0.0716

Chemical Usage and Labor Requirement Costs

EPA egstimated the labor requirement for the multi-mediafiltration sysem a four hours per day,
whichis based on manufacturer’ srecommendations. There are no chemicasassociated with the operation
of a multi-media filter. The itemized O&M cost estimates for the multi-media filtration systems are
presented in Table 2-42. The resulting cost curve is presented asFigure2-42. The O&M cost equation
for the multi-mediafiltration systemis
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In(Y2) = 11.5039 + 0.72458In(X) + 0.09535(In(X))? (2-44)
where:

X =How Rate (MGD) and

Y2= 0&M Cost (1989 $/YR).

Table 2-42. O&M Cogt Estimates for Multi-Media Filtration Systems

Flow Taxes& Totd O&M
Rate Energy L abor Maintenance InSurance Cost
(MGD) (1989 $'YR)
0.01 1,600 21,900 1,888 944 26,332
0.05 1,730 21,900 2,490 1,245 27,366
0.50 31,200 21,900 4,419 2,209 59,728
1.0 70,000 21,900 6,989 3,495 102,384
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Figure 2-42. O&M Cog Curve for Multi-Media Filtration Systems

2.6  CyanideDestruction

Many CWTs achieved required cyanide destruction by oxidation. These facilities primarily use
chlorine (in ether the dementd or hypochlorite form) as the oxidizing agent in this process. Oxidation of
cyanide with chlorineis cdled dkaine chlorination.

The oxidationof cyanidewaste usng sodium hypochlorite is atwo step process. In thefirst step,
cyanide is oxidized to cyanae in the presence of hypochlorite, and sodium hydroxide is used to maintain
apH range of 9to 11. The second step oxidizes cyanate to carbon dioxide and nitrogen at a controlled
pH of 8.5. The amounts of sodium hypochlorite and sodium hydroxide needed to perform the oxidation
are 8.5 parts and 8.0 parts per part of cyanide, respectively. At these levels, the totd reduction occurs a
aretentiontime of 16 to 20 hours. The gpplication of heat can facilitate the more complete destructionof
total cyanide.
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The cyanide destruction system costed by EPA includes atwo-stage reactor witharetentiontime
of 16 hours, feed system and controls, pumps, piping, and foundation. The two-stage reactor includes a
covered tank, mixer, and containment tank. EPA designed the system based on amenable and total cyanide
influent concentrations of 1,548,000 :- g/L and 4,633,710 : g/L, respectively and effluent concentrations
of amenable and total cyanide of 276,106 - g/L and 135,661 : g/L, respectively. EPA based theseinfluent
and effluent concentrations on data collected during EPA’s sampling of cyanide destruction systems.

Because the system used by the fadility which forms the basis of the proposed cyanide limitation
and standards uses specia operation conditions, EPA assgned full capitd and O&M cogsto dl facilities
which perform cyanide destruction.

Capital and Land Costs

EPA obtained the capital costs curves for cyanide destruction systems with specia operating
conditions from vendor services. Table 2-43 presents the itemized total capital cost estimates for the
cyanidedestructionsystems. Figure 2-43 presentstheresulting cost curve. Thetotd capital cost equation
for cyanide destruction systemsis:

In(Y 1) = 13.977 + 0.546In(X) + 0.0033(In(X))? (2-45)
where:

X = Batch Size (MGD) and

Y1 = Capital Cost (1989 $).
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Table 2-43. Total Capital Cost Estimates for Cyanide Destruction at Specia Operating Conditions

Volume Instrument Total Total Total
per Day System Installatio Piping . Constructi Capital Capital
(MGD) Cost n & on Cost Cost
Controls Cost (1993 $) (1989 $)
0.000001 500 175 155 65 895 960 874
0.00001 1,850 648 574 241 3,313 3,554 3,234
0.0001 5,000 1,750 1,550 650 8,950 9,600 8,736
0.001 14,252 4,988 4,418 1,853 25,511 27,364 24,901
0.01 45,875 16,056 14,221 5,964 82,116 88,080 80,153
0.05 106,105 37,137 32,893 13,794 189,929 203,723 185,388
0.10 160,542 56,190 49,768 20,870 287,370 308,240 280,498
0.50 401,320 140,462 124,409 52,172 718,363 770,535 701,187
1.0 560,000 196,000 173,600 72,800 1,002,400 1,075,200 978,432
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Figure2-43. Totd Capitd Cost Curve for CN Destruction Systems at Special Operating
Conditions
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To develop land requirementsfor the cyanidedestructionsystems, EPA used the vendor data. The
dimengonsweresca ed up torepresent the total land required for the package unit plus peripherds (pumps,
controls, access areas, etc.). Figure 2-44 presentsthe land requirement curve for the cyanide destruction
system. The equation relating the flow of the cyanide destruction system with the land requirementsis:

In(Y3) =-1.168 + 0.419In(X) + 0.021(In(X))? (2-46)
where:

X =How Rate (MGD) and

Y 3 = Land Requirement (Acres).

Chemical Usage and Labor Requirement Costs

In estimating chemica usage and labor requirements, EPA assumed the systems would tregt one
batch per day. EPA based this assumption on responses to the WTI Questionnaire. Based on vendor's
recommendations, EPA estimated the labor requirement for the cyanide destructionto be three hours per
day. EPA determined the amount of sodium hypochlorite and sodium hydroxide required based on the
goichiometric amounts to maintain the proper pH and chlorine concentrations to facilitate the cyanide
destruction as described earlier.

Table 2-44 presentsthe itemized O& M cost estimatesfor the cyanide destructionsystems. Figure
2-45 presents the resulting cost curve. The O&M equation for the cyanide destruction systemis:

In(Y2) = 18.237 + 1.318In(X) + 0.04993(In(X))? (2-47)
where:

X = How Rate (MGD) and

Y2= 0&M Cost (1989 $/YR).
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Table 2-44. O&M Cost Estimates for Cyanide Destruction at Special Operating Conditions

Flow Sodium Sodium Taxes Total
Rate Energy  Hypochlorite Hydroxide L abor Maint. & O&M Cost
(MGD) Cost Cost Ins. (1989 $'YR)
0.00001 1,000 50 25 16,425 47 24 22
0.00001 1,000 482 225 16,425 172 86 78
0.0001 1,000 4,826 2,256 16,425 465 233 212
0.001 1,100 48,260 22,568 16,425 1,207 604 550
0.01 1,600 482,470 225,680 16,425 3,886 1,943 1,768
0.05 1,730 2,412,345 1,128,400 16,425 8,987 4,494 4,090
0.10 7,000 4,824,700 2,256,800 16,425 13,598 6,799 6,187
0.50 31,200 24,123,450 11,284,000 16,425 33,993 16,997 15,467
1.0 70,000 48,246,900 22,568,000 16,425 47,434 23,717 21,582
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Figure 2-45. O&M Cost Curve for CN Destruction Systems at Specid Operating Conditions
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2.7  Secondary Gravity Separation

Secondary gravity separation sysems provide additiond ol and grease removal for oily
wastewater. Oily wastewater, after primary gravity separation/emulsionbresking, is pumped into aseries
of skimming tanks where additiona oil and grease removd is obtained before the wastewater entersthe
dissolved ar flotationunit. The secondary gravity separation equipment discussed here consists of aseries
of three skimming tanks in series. The ancillary equipment for eachtank consists of amix tank with pumps
and skimming equipment.

Inestimating capital and O& M cost associ ated withsecondary gravity separation, EPA assumed
that facilities ether currently have or do not have secondary gravity separation. Therefore, EPA did not
develop any secondary gravity separation upgrade costs.

Capital and Land Costs

EPA obtained the capital cost estimatesfor the secondary gravity separation system from vendor
quotes. The itemized capital cost estimates for the secondary gravity separation systems is presented in
Table 2-45, while the resulting cost curve is presented as Figure 2-46.

Thetotal capital cost equation for Qils Option 9 secondary gravity separation is.

In(Y 1) = 14.3209 + 0.38774In(X) - 0.01793(In(X))? (2-48)
where:

X =FHow Rate (MGD) and

Y1 = Capital Cost (1989 $)
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Table 2-45. Tota Capital Cost Estimates for Secondary Gravity Separation

: Engineer. Tota
Flow Rate Eq‘épo' St' et Con;?tiﬂon & Capital Cogt
(MGD) Conting. (1989 $)
Cost
0.0005 19,200 25,920 7,776 33,696
0.001 27,990 37,787 11,336 49,123
0.005 67,170 90,680 27,204 117,884
0.01 97,938 132,216 39,665 171,881
0.05 235,065 317,338 95,201 412,539
0.1 342,729 462,684 138,805 601,489
0.5 822,603 1,110,514 333,14 1,443,668
1.0 1,199,364 1,619,141 485,742 2,104,883
5.0 1,378,662 1,861,194 558,358 2,419,552
10,000,000
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Figure 2-46. Tota Capital Cost Curve for Secondary Gravity Separation
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EPA cdculated the land requirements for secondary gravity separation systems based on the
equipment dimengions. Table 2-46 presents the land requirements for the secondary gravity separation
systems. Figure 2-47 presentstheresulting curve. Theland requirement equation for the secondary gravity
separdion sysemis.

In(Y3) =-0.2869 + 0.31387In(X) + 0.01191(In(X))? (2-49)
where:

X =How Rate (MGD) and

Y 3 = Land Requirement (Acres).

Table 2-46. Land Requirement Estimates for Secondary Gravity Separation

Flow Rate Land Requirement
(MGD) (Acres)
0.00001 0.097
0.0001 0.114

0.001 0.158
0.01 0.225
0.05 0.341
0.1 0.381
05 0.492

1.0 0.891
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Figure 2-47. Land Requirement Curve for Secondary Gravity Separation

Chemical Usage and Labor Requirement Costs

EPA estimated the labor requirement to operate secondary gravity separation to be 3to 9 hours
per day depending on the Sze of the system. EPA obtained this estimate fromone of the modd facilities
for Oils Option 9. There are no chemicas associated with the operation of the secondary gravity
separation sysem.  The itemized O&M requirements for the secondary gravity separation system is
presented in Table 2-47 with the resulting cost curve presented as Figure 2-48.

The O&M Cost equation for the secondary gravity separation system is

In(Y2) = 12.0759 + 0.4401In(X) + 0.01544(In(X))? (2-50)
where:

X = How Rate (MGD) and
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Y2=0&M Cost (1989 $/YR).

Table 2-47. O&M Cost Estimates for Secondary Gravity Separation

Taxes & Totd
Flow Rate Maintenance InSUrance Energy Labor O&M Cost
(MGD) (1989 $/YR)
0.0005 1,348 674 3,000 11,700 16,722
0.001 1,965 982 3,030 11,700 17,677
0.005 4,715 2,358 3,180 11,700 21,953
0.01 6,875 3,438 3,312 23,400 37,025
0.05 16,502 8,251 4,560 23,400 52,713
0.1 24,060 12,030 6,120 23,400 65,610
0.5 57,747 28,874 18,600 35,100 140,321
1.0 84,195 42,098 34,200 35,100 195,593
5.0 96,782 48,391 159,000 35,100 339,273
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Figure 2-48. O&M Cost Curve for Secondary Gravity Separation
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2.8 Dissolved Air Flotation

Flotation is the process of induding suspended particlesto rise to the surface of atank where they
can be collected and removed. Dissolved Air Fotation (DAF) is one of severd flotation techniques
employed inthe treetment of aily wastewater. DAF iscommonly used to extract freeand dispersed oil and

grease from oily wastewater.

Capital and Land Costs

EPA deveoped cepitd cost estimates for dissolved air flotation systems for the oils subcategory
Options8 and 9. EPA based the capital cost estimates for the DAF units on vendor’s quotations. EPA
assigned fadilities with DAF unitscurrently in-place no capital costs. For facilities with no DAF trestment
in-place, the DAF system consists of afeed unit, achemica addition mix tank, and a flotation tank. EPA
aso included a dudge filtration/dewatering unit. EPA developed capita cost estimatesfor aseriesof flow
rates ranging from 25 gpm (0.036 MGD) to 1000 gpm (1.44 MGD). EPA was undble to obtain costs
esimatesfor units with flows below 25 gdlons per minute since manufacturers do not sdll systems smdler
than those designed for flows below 25 gdlons per minute.

The current DAF system capital cost estimates indude a dudge filtration/dewatering unit. For
fadilitieswhichdo not have aDAF unit in-place, but have other treetment systems that produce dudge (i.e.
chemical preci pitationand/or biologica trestment), EPA assumed that the existing dudge filtrationunit could
accommodate the additiona dudge produced by the DAF unit. For these facilities, EPA did not include
dudge filtration/dewatering costs in the capital cost estimates. EPA refers to the capitd cost equation for
these fecilities as“modified” DAF codts.

Tables2-48 and 2-49 present the itemized capita cost estimatesfor the DAF and modified DAF
systems, while Figures 2-49 and 2-50 present the resulting cost curves. The capita cost equationsfor the
DAF and modified DAF trestment systems for Oils Options 8 and 9 are presented below as Equations 2-
51 and 2-52, respectively.
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In (Y1) = 13.9518 + 0.29445In(X) - 0.12049(In(X))? (2-51)
In (Y1) = 13.509 + 0.29445In(X) - 0.12049(In(X))? (2-52)
where:
X = Flow Rate (MGD)
Y1=Tota Capital Cost (1989 $)
Table 2-48. Totd Cepitd Cost Etimates for DAF Systems
Sudge . Total Total Engineer Tot.al
Flow DAF Feed . Shipping . Capital
. . Dewateri Equip. Construc &
MGD Unit Unit ng Unit Cost Cost tion Cost Contin Cost
d 9 (10899
0.036 17,067 12,560 16,502 923 47,052 91,751 27,525 119,276
0.072 34,135 16,505 28,206 1,577 80,423 156,826 47,048 203,874
0.144 73,731 36,727 61,525 3,440 175,423 342,074 102,622 444,696
144 209,928 99,877 172,561 9,647 492,013 959,427 287,828 1,247,255
Table 2-49. Totd Capitd Cost Estimates for Modified DAF Systems
. Total
- Total Tota Engineer. )
Flow Bﬁ‘ltF Feed Unit Shcl:p;p;ng Equipment Constructi & Cca;pc))gtal
(MGD) Cost on Cost Conting.
(1989 $)
0.036 17,067 12,560 593 30,220 58,928 17,678 76,606
0.072 34,135 16,505 1,013 51,653 100,723 30,217 130,940
0.144 73,731 36,727 2,209 112,667 219,701 65,910 285,611
1.44 209,928 99,877 6,196 316,001 616,202 184,861 801,063
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Because the smdllest design capacity for DAF systems that EPA could obtain from vendorsis 25
gpm, EPA assumed that only facilities with flow rates above 20 gpm would operate their DAF systems
everyday (i.e. five days per week). More than 75 percent of the ails subcategory fadilitieshave flow rates
lower than 25 gom. EPA assumed that these facilities could hold their wastewater and run their DAF
systems fromone to four days per week depending onther flow rate. Facilitiesthat are not operating thar
DAF treatment sysems everyday would need to inddl a holding tank to hold their wastewater until
treetment. Therefore, for facilities which do not currently have DAF treatment in place and which have
flow rates less than 20 galons per minute, EPA additiondly included costs for a holding tank. For these
facilities, EPA based capital costs on a combination of DAF costs (or modified DAF costs) and holding
tank costs. Table 2-50 lists the capacity of the holding tank costed for various flow rates.

Table 2-50. Holding Tank Capacity Estimates for DAF Systems

Flow Rate Holding Tank Capacity
(GPM) (gdlons)
<5 7,200
5-10 14,400
10-15 21,600
15-20 28,800
>20 none

Table 2-51 presentsthe itemized tota capita cost estimates for the holding tank systems. Figure
2-51presents the resulting cost curve. Thetota capital cost equation for the holding tanksis:
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In (Y1) = 12,5122 - 0.15500In(X) - 0.05618(In(X))? (2-53)
where:

X =How Rate (MGD) and

Y1 = Capital Cost (1989 $).

Table 2-51. Totd Capitd Cost Estimates for Holding Tank Systems

. . Enginesr. Totd

Flow Eq‘gz':tem Toa ngjr”d' on & Capital Cost
(MGD) Conting. (1989 %)
0.0005 25,600 34,560 10,368 44,928
0.001 37,310 50,382 15,115 65,497
0.005 89,560 120,906 36,272 157,178

0.01 97,938 132,216 39,665 171,881

0.05 156,710 211,559 63,468 275,027

1,000,000

2

g 100,000

g

10,000 L L
0.0001 0.001 0.01 0.1
Flow (MGD)

Figure 2-51. Tota Capital Cost Curve for Holding Tanks
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EPA estimated land requirementsfor the DAF and modified DAF systems. EPA assumed that the
DAF and the modified DAF systems have the same land requirement.  Table 2-52 presents the DAF and
modified DAF land requirements, while Figure 2-52 presents the resulting cost curve. The land
requirement equation for the DAF and modified DAF sysemsis

In (Y3) =-0.5107 + 0.51217In(X) - 0.01892 (In(X))? (2-54)
where:

X =How Rate (MGD) and

Y 3 = Land Requirement (Acres)

Table 2-52. Land Requirement Estimates for DAF and Modified DAF Systems

Flow Lgnd
(MGD) Requirement
(Acres)
0.036 0.090
0.072 0.132
0.144 0.212
144 0.720
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Figure. 2-52. Land Requirement Curve for DAF and Modified DAF Systems

EPA dso esimated land requirements for the holding tanks. Table 2-53 presents the land
requirementsfor the holding tank systems. The resulting cost curve ispresented asFigure 2-53. Theland
requirement cost equation for the holding tank systemsis:

In (Y3) =-1.0661 + 0.10066In(X) + 0.00214(In(X))? (2-55)
where:

X =How Rate (MGD) and

Y 3 = Land Requirement (Acres)
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Table 2-53. Land Requirement Estimates for Holding Tank Systems

Land
Flow Requirement
(MGD) (Acres)

0.0001 0.164

0.001 0.188

0.01 0.230

0.05 0.258

1.00
Q
<
5
IS
o
5
g
o
e]
c
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0.10 ' ' '
0.00001 0.0001 0.001 0.01 0.1
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Figure 2-53. Land Requirements Curve for Holding Tanks
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Chemical Usage And Labor Requirement Costs

EPA estimated the labor requirements associ ated with the modd technology at four hours per day
for the amdl systemsto eight hoursper day for the large systems, whichis based on the average of the Qils
Options 8 and 9 model facilities. EPA used the same labor estimate for DAF and “modified” DAF
systems.

Asdiscussed in the capital cost section, EPA hasassumed that fadilitieswith flow rates below 20
gpmwill not operatethe DAF daily. Therefore, for theselower flow ratefacilities, EPA only included labor
to operate the DAF (or “modified” DAF) systems for the days the system will be operationd. Table 2-54
ligts the number of days per week EPA assumed these lower flow facilities would operate their DAF
systems..

Table 2-54. Labor Requirement Estimates for DAF Systems
Flow Rate Labor Requirements

(GPM) (days/week)
<5
5-10
10-15
15-20
>20

ga A W N P

Asdetailed earlier, however, EPA aso assumed that fadilitieswithflow ratesbel ow 20 gpm, would
aso operate a holding tank. Therefore, for facilities with flow rates below 20 galons per minute, EPA
included additiona labor to operate the holding tank.

EPA cal culated chemicd cost estimatesfor DAF and “modified” DAF systemns based on additions
of duminum sulfate, caudtic soda, and polymer. EPA costed for facilitiesto add 550 mg/L aum, 335 mg/L
polymer and 1680 mg/L of NaOH. EPA aso included costs for perlite addition a 0.25 Ibs per 1b of dry
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solids for dudge conditioning and dudge dewatering operations (for both the DAF and “modified” DAF
systems). EPA based the chemicd additionson information gathered from literature, the database for the
proposed Industriad Laundries Industry guiddines and standards, and sampled facilities.

Fndly, amilar to the labor requirements shown in Table 2-54, EPA based chemical usage cost
esimatesfor the DAF and modified DAF sysems assuming five days per week operationfor faclitieswith
flow rates greater than 20 gpm and fromone to four days per week for facilities with flow rates of 5to 20
gom.

Tables 2-55 and 2-56 present the itemized O& M cost estimatesfor the DAF and modified DAF
systems with flow rates above 20 gpm. Figures 2-54 and 2-55 present the resulting cost curves. The
O& M cost equetions for the DAF and modified DAF sysems withflow rates above 20 gpmare presented
below as Equations 2-56 and 2-57, respectively.

In (Y2) = 14,5532 + 0.96495In(X) + 0.01219(In(X))? (2-56)

In (Y2) = 14.5396 + 0.97629In(X) + 0.01451(In(X))? (2-57)
where:

X =How Rate (MGD) and

Y2 =0&M Cost (1989 $/YR).

Tables2-57 and 2-58 present the itemized O&M Cogt estimatesfor the DAF and modified DAF
systems with flow rates of up to 20 gpm. Figures 2-56 and 2-57 present the resulting cost curves.

The O&M cost equations for the DAF and modified DAF systems with flow rates up to 20 gpm
are presented below as Equations 2-58 and 2-59, respectively.

In (Y2) = 21.2446 + 4.14823In(X) + 0.36585(In(X))? (2-58)
In (Y2) = 21.2005 + 4.07449In(X) + 0.34557(In(X))? (2-59)
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where:
X = FHow Rate (MGD) and
Y2=0&M Cost (1989 $YR).

Table 2-55. O&M Cost Estimates for DAF Systems - Flow > 20 gpm

A Toxes & Chemical Cost Total
M g\g) Mainten- Ia: :Jsr Energy Labor 0O&M Cost
' Alum NaOH Polymer Perlite (1989 $/YR)
0.036 4,771 2,386 2,920 15,600 4,090 12,449 46,650 8,338 97,204
0.072 8,155 4,077 2,920 19,500 8,181 24,898 93,300 16,675 177,706
0.144 17,788 8,894 3,569 23,400 16,361 49,795 186,601 33,350 339,758
144 49,890 24,945 8,760 31,200 163,613 497,952 1,866,010 333,520 2,975,890
Table 2-56. O&M Cogt Estimates for Modified DAF Systems - Flow > 20 gpm
Flow TaKeS & Chemical Cost Total
(MGD) Mainten- \nsur Energy Labor 0O&M Cost
ance ' Alum NaOH Polymer Perlite (1989 $/YR)
0.036 3,064 1,532 2,920 15,600 4,090 12,449 46,650 8,338 94,643
0.072 5,238 2,619 2,920 19,500 8,181 24,898 93,300 16,675 173,331
0.144 11,424 5712 3,569 23,400 16,361 49,795 186,601 33,350 330,212
144 32,043 16,021 8,760 31,200 163,613 497,952 1,866,010 333,520 2,949,119
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Table 2-57. O&M Cost Estimates for DAF Systems - Flow # 20 gpm

A Toxes & Chemical Cost Total
M g\g) Mainten- Ia: :Jsr Energy Labor 0O&M Cost
ance ' Alum NaOH Polymer Perlite (1989 $/YR)
0.0072 4,771 2,386 2,920 3,120 164 498 1,866 334 16,059
0.0144 4,771 2,386 2,920 6,240 654 1,992 7,464 1,334 27,761
0.0216 4771 2,386 2,920 9,360 1,473 4,482 16,794 3,002 45,188
0.0288 4,771 2,386 2,920 12,480 2,618 7,967 29,856 5,336 68,334

Table 2-58. O&M Cost Estimates for Modified DAF Systems - Flow # 20 gpm

Chemical Cost Total
Flow Taxes &
Mainten- Energy Labor O&M Cost
(MGD) Insur. .
ance Alum NaOH Polymer Perlite (1989 $/YR)
0.0072 3,064 1,532 2,920 3,120 164 498 1,866 334 13,498
0.0144 3,064 1,532 2,920 6,240 654 1,992 7,464 1,334 25,200
0.0216 3,064 1,532 2,920 9,360 1,473 4,482 16,794 3,002 42,627
0.0288 3,064 1,532 2,920 12,480 2,618 7,967 29,856 5,336 65,773
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Figure 2-54. O&M Cost Curve for DAF Systems - Flow > 20 gpm
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Figure 2-55. O&M Cost Curve for Modified DAF Systems - Flow > 20 gpm
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itieswith DAF treatment in-place, EPA estimated O& M upgrade costs. These facilities would need to
improve pollutant removas from their current DAF current performance concentrationsto the Oils Option
8 and Option 9 long-term averages. As detailed in Chapter 12 of the Development Document for the
CWT Point Source Category, EPA does not have current performance concentrationdata for the mgority
of the ailsfadlitieswith DAF trestment in-place. EPA does, however, have sevendatasetswhichrepresent
effluent concentrations from emulsion bresking/gravity separation. While the pollutant concentrations in
wadtewater exiting emulsion bresking/gravity separationtrestment are higher (in some cases, considerably
higher) thanthe pollutant concentrations inwastewater exiting DAF treatment, EPA has, nevertheless, used
the emulsion breaking/gravity separation datasetsto estimate DAF upgrade costs.  For each of the seven
emulsion bresking/gravity separation data sets, EPA cdculated the percent difference between these
concentrations and the Option 8 and Option 9 long-term averages. The median of these seven calculated
percentagesis 25 percent.

Therefore, EPA estimated the energy, labor, and chemica cost components of the O& M upgrade
cost as 25 percent of the full O&M cost of anew system. EPA assumed that maintenance, and taxesand
insurance would be zero since they are functions of the capita codt (that is, thereisno capital cost for the
upgrade).

EPA devel oped two separate O& M upgradecost equationsfor facilitieswhich currently have DAF
treatment in place -- one for fadlities with flow rates up to 20 gpm and one for facilities with flow rates
greater than 20 gpm.

Tables2-59 and 2-60 present the itemized O& M upgrade cost estimatesfor the DAF sysemsfor
fadlitieswithflow less than or equal to 20 gpm and greater than 20 gpm, respectively. Figures 2-58 and
2-59 present the resulting cost curves. The O&M upgrade cost equations for DAF systems for facilities
with flow of up to 20 gpm and greater than 20 gpm are presented below as Equations 2-60 and 2-61,

repectively.
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In (Y2) = 19.0459 + 3.5588In(X) + 0.25553(In(X))? (2-60)
In (Y2) = 13.1281 + 0.99778In(X) + 0.01892(In(X))? (2-61)

where:
X =How Rate (MGD) and
Y2=0&M Cost (1989 $/YR).

Table 2-59. O& M Upgrade Cost Estimates for DAF Systems - Flow # 20 gpm

H - 2 Chemical Cost Total
M g\g) Mainten- Ia: sfr Energy Labor O&M Cost
ance ' Alum NaOH Polymer Perlite (1989 $/YR)
0.0072 0 0 730 780 41 125 467 84 2,227
0.0144 0 0 730 1,560 164 498 1,866 334 5,152
0.0216 0 0 730 2,340 368 1,121 4,199 751 9,509
0.0288 0 0 730 3,120 655 1,992 7,464 1,334 15,295

Table 2-60. O&M Upgrade Cost Estimates for DAF Systems - Flow > 20 gpm

Chemical Cost Total
Fl . T
M g\g) Mainten- Ia: ;‘r& Energy Labor O&M Cost
ance ' Alum NaOH Polymer Perlite (1989 $/YR)
0.036 0 0 730 3,900 1,023 3,112 11,663 2,085 22,513
0.072 0 0 730 4,875 2,045 6,225 23,325 4,169 41,369
0.144 0 0 892 5,850 4,000 12,449 46,650 8,338 78,269
144 0 0 2,190 7,800 40,903 124,488 466,503 83,380 725,264
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Figure 2-58. O&M Upgrade Cost Curve for DAF Systems - Flow # 20 gpm
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Section 3 Biological Wastewater Treatment Technology Costs
3.1  Sequencing Batch Reactors

A sequencing batch reactor (SBR) is a suspended growth system in which wastewater is mixed
with exiding biologica floc in an agration basn. SBR's are unique in that a single tank acts as an
equalization tank, an aeration tank, and a clarifier.

The SBR systemcosted by EPA for the model technology consistsof a SBR tank, dudgehandling
equipment, feed systemand controls, pumps, piping, blowers, and vaves. Thedesign parametersthat EPA
used for the SBR system were the average influent and effluent BODs, anmonia, and nitrate-nitrite
concentrations. The average influent concentrations were 4800 mg/L, 995 mg/L, and 46 mg/L. for BOD:,
ammonia, and nitrate-nitrite, respectively. The average effluent BODs;, anmonia, and nitrate-nitrite
concentrations used were 1,600 mg/l, 615 mg/l, and 1.0 mg/l, respectively. EPA obtained these
concentrations from the sampling data at the SBR mode facility. EPA assumed that all existing
biologicd trestment systems in-place at organics subcategory facilities can meet the limitations of this
proposal without incurring cost. Thisincludesfacilitieswhich utilize any form of biologica treatment -- not
just SBRs. Therefore, the costs presented here only apply to facilities without biologica trestment in-
place. EPA did not develop SBR upgrade costs for either capita or O&M.

Although biologicd trestment (SBR’ s) systems can be used asthe BAT technology throughout the
United States, the design of the systems should vary due to climate conditions. Plantsin colder climates
should design thar sysems to account for lower biodegradability rates during the colder seasons.
Therefore, EPA has taken these added costs into account in its costing procedures.

EPA used the National Oceanic and Atmospheric Adminigration (NOAA) data (1979) for
determining the lowest minimum monthly average temperature (see Table 3-1). However, since water
temperature cannot fall below 0/C, and rarely below 5/C, EPA established aminimum water temperature
of 5/C as the minimum water temperature for the purposes of this costing procedure.
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In addition, dthough some states have minimum temperature above 20/C, EPA has established
20/C asthe highest temperaturein calculaing activated dudge costs. Table 3-1 presents EPA wastewater
temperature vaues (middle column) used for each sate.

EPA hascosted biologicd treatment, whichwill be affected by dimate conditions. Therefore, EPA
has devel oped a cost factor that was applied to each trestment cost, depending onthe locationof the plant.

Inorder to take into account the effect of temperatureinthe design and cost estimationof activated

dudge system upgrades, the following factor was derived:

RLY
Temperature Correction Factor = [k_'}
5

where kg = BaseLinek
ks = kraeesablished for each State
0.7 = Cos Scde Factor
kn
Theratio -k=- is derived from the following genera equation:
5
kg = kg x (@)(fs'fn)
whee 1 = 107
T = 20/C
Ts = State Temperature

k r-r
Therefore, == = ony (T~ ©)
k.l



Section3  Biological Wastewater Treatment Detailed Costing Document for the CWT Point Source Category
Technology Costs

Table3-1. Temperaturesand Temperature Cost Factors Used to Calculate Activated Sludge Costs and
to Adjust Biologica Treatment Upgrade Costs

Minimum Monthly Average Corresponding Wastewater
State Ambient Temperature Temperature Cost Factor
(/0™ (/C)
Alabama 8 13 14
Alaska -13 5 20
Arizona 6 11 15
Arkansas 4 9 17
Cdlifornia 8 13 14
Colorado -6 5 20
Connecticut -2 5 20
Delaware 0 5 20
Florida 16 20 1.0
Georgia 7 12 15
Hawaii 22 20 10
ldaho -2 5 2.0
Illinois -4 5 20
Indiana -6 5 20
lowa -7 5 20
Kansas -2 5 20
Kentucky 0 5 20
Louisiana 10 15 13
Maine -12 5 2.0
Maryland 1 6 19
Massachusetts -3 5 20
Michigan -5 5 20
Minnesota -13 5 20
Mississippi 8 13 14
Missouri -1 5 20
Montana -8 5 20
Nebraska -6 5 20
Nevada -1 5 20
New Hampshire -6 5 20
New Jersey 0 5 2.0
New Mexico 7 18
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Minimum Monthly Average Corresponding Wastewater
State Ambient Temperature Temperature Cost Factor
(/0™ (/C)
New York -3 5 20
North Carolina 6 11 15
North Dakota -14 5 20
Ohio -3 5 2.0
Oklahoma 3 8 18
Oregon 7 18
Pennsylvania -2 5 20
Rhode Island -1 5 20
South Carolina 8 13 14
South Dakota -9 5 20
Tennessee 4 9 17
Texas 8 13 14
Utah -3 5 20
Vermont -8 5 20
Virginia 3 8 18
Washington -3 5 20
West Virginia 0 5 20
Wisconsin -8 5 20
Wyoming -6 5 20
Puerto Rico 24 20 1.0

(M Source of Data: National Oceanic and Atmospheric Administration, Comparison Climatic Data for the United States
through 1979 (30 years of data), Environmental Data and Information Service, Asheville, North Carolina.

Thus, the temperature correction factor is:
07

E = (1.67)" (1,- n)os
kg
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Column three of Table 3-1 presents the corresponding cost factors, usng this equation for each
state. These factors were then used to adjust the capital and O&M of the biologica treatment cost

estimeates.

Capital and Land Costs

EPA estimated the capita costsfor the SBR systems using vendor quotes whichincludeingdlation

costs. Table 3-2 presentsthe itemized total capita cost estimatesfor the SBR systems. Theresulting cost

curveis presented as Figure 3-1. The SBR total capita cost equation is:

In(Y1) = 15.707 + 0.512In(X) + 0.0022(In(X))? (3-1)
where:
X =How Rate (MGD) and
Y1 = Capital Cost (1989 $).
Table 3-2. Total Capital Cost Estimates for Sequencing Baich Reactor Systems
Flow Total Engineer. Total Total
Rate System Install. Piping Constr. & Capital Cost Capital
(MGD) Cost Cost Conting. (1993 $) Cost
(1989 $)
0.001 100,000 35,000 54,000 189,000 40,500 229,500 206,550
0.01 360,000 126,000 194,400 680,400 145,800 826,200 743,580
0.05 635,000 222,250 342,900 1,200,150 257,175 1,457,325 1,311,592
0.10 970,000 339,500 523,800 1,833,300 392,850 2,226,150 2,003,535
0.50 2,350,000 822,500 1,269,000 4,441,500 951,750 5,393,250 4,853,925
1.0 3,200,000 1,120,000 1,728,000 6,048,000 1,296,000 7,344,000 6,609,600
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Technology Costs
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Figure 3-1. Tota Capital Cost Curve for Sequencing Batch Reactor Systems

To develop land requirements for SBR systems, the vendor provided EPA with overdl system
dimensions. EPA scaled up theland dimensons to represent the total land required for the system plus
peripherds (pumps, controls, accessareas, etc.). Theland requirement equation for the SBR sysemsis:

In(Y3) = -0.531 + 0.906In(X) + 0.072(In(X))? (3-2)
where:
X =How (MGD) and
Y 3 = Land Requirement (Acres).

The land requirement curve is presented as Figure 3-2.
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Technology Costs
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Figure 3-2. Land Requirement Curve for Sequencing Batch Reactor Systems

Operation and Maintenance Costs

The O&M costs for the SBR system include eectricity, mantenance, labor, and taxes and
insurance. No chemicdsareutilized inthe SBR system. EPA assumed thelabor requirementsfor the SBR
system to be four hours per day and based eectricity costs on horsepower requirements. EPA obtained
the labor and horsepower requirements from vendors. EPA estimated maintenance, taxes, and insurance
using the factors detailed in Table 1-2.

Table 3-3 presentstheitemized O& M cost estimates for the SBR systems.  The resulting cost
curveis presented as Figure 3-3. The O&M cost equation for the SBR systemsis:

In(Y2) = 14.1015 + 0.81567In(X) + 0.03932(In(X))? (3-3)
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Technology Costs

where:
X = How Rate (MGD) and
Y2=0&M Cost (1989 $YR).

Table 3-3. O&M Cost Estimates for Sequencing Batch Reactor Systems

Flow Taxes Filter Total

Rate Power Labor Maintenance & Chemicads Cake O&M Cost
(MGD) Insurance Disposal (1989 $/YR)
0.001 65 14,600 8,260 4,130 2,993 770 30,818

0.01 392 14,600 29,744 14,872 6,424 7,696 73,728
0.05 1,852 29,200 52,540 26,270 12,427 38,478 160,767
0.10 3,703 29,200 80,140 40,070 17,047 76,955 247,115
0.50 18,298 58,400 194,156 97,078 38,246 384,775 790,953
1.0 36,596 58,400 264,384 132,192 55,923 769,550 1,317,045
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SecTiON 4 SLUDGE TREATMENT AND DisposaL CosTs

4.1  Plateand Frame Pressure Filtration - Sludge Stream

Pressure filtration sysems are used for the remova of solids from waste streams.  This section
details dludge stream filtration which is used to treat the solids removed by the darifiers in the Metas
Options.

The pressure filtration system costed by EPA for dudge stream filtration consists of a plate and
frame filtration sysem. The components of the plate and frame filtration sysem include: filter plates filter
cloth, hydraulic pumps, pneumatic booster pumps, control panel, connector pipes, and a support platform.
For design purposes, EPA assumed the dudge stream to consst of 80 percent liquid and 20 percent
(200,000 mg/l) solids. EPA additionaly assumed the dudge siream to be 20 percent of the total volume
of wastewater treated. EPA based these design parameters on CWT Questionnaire 105.

10,000,000

1,000,000

100,000

O&M Cost (1989 $/YR)

10,000
0.0001 0.001 0.01 0.1 1 10
Flow (MGD)

Figure 3-3. O&M Cost Curve for Sequencing Batch Reactor Systems
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In costing for dudge streamtreatment, if afacility does not have dudge filtration sysemsin-place,
EPA edtimated capitd coststo add a plate and frame pressure filtration system to their on-gte trestment
trar?. If afacility’s s treatment train includes more than one dlarification step initstreatment train (suchas
for Metds Option 3), EPA only costed the facility for a angle plate and frame filtration sysem. EPA
assumed one plate and frame filtration system could be used to process the dudge frommultiple clarifiers.
Likewisg, if afacility dready had a dudge filtrationsystemin-place, EPA assumed that the in-place system
would be sufficient and did not estimate any dudge filtration capita costs for these faclities.

Capital and Land Costs
EPA developed the capital cost equation for plate and frame sludge filtration by adding installation,

engineering, and contingency costs to vendors' equipment cost estimates. EPA used the same capital cost

equation for the plate and frame sludge filtration system for al of the Metals Options.

Table 4-1 presentsthe itemized total capital cost estimatesfor the plate and frame dudgefiltration
systems for dl the Metds Options. The resulting cost curve is presented as Figure 4-1. The dudge
filtration total capital cost equetion for al the Metals Optionsis:

In(Y 1) = 14.827 + 1.087In(X) + 0.0050(In(X))? 4-1)
where:

X =How (MGD) of Liquid Stream and

Y1 = Capital Cost (1989 $).

Table4-1. Total Capital Cost Estimates for Plate and Frame Pressure Filtration (Sludge Stream)

2\t a facility only had to be costed for a plate and frame pressure filtration system to process the sludge
produced during the tertiary chemical precipitation and clarifications steps of metals Option 3, EPA did not cost the
facility for a plate and frame pressure filtration system. Likewise, EPA assumed no O&M costs associated with the
treatment of dudge from the tertiary chemical precipitation and clarification steps in Metals Option 3. EPA assumed that
the total suspended solids concentration at this point is so low that sludge stream filtration is unnecessary.
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Wastewater Average Tota Capital Engineering Tota
Influent Vendor Install. & & Capita Cost
Flow Equipment Cost Installation Cost Contingency (1989 $)

(MGD) Cost Fee
0.000001 6,325 2,214 8,539 2,562 10,102
0.00001 6,325 2,214 8,539 2,562 10,102
0.0001 6,482 2,269 8,751 2,625 10,352
0.001 9,897 3,464 13,361 4,008 15,806
0.01 29,474 10,316 39,790 11,937 47,072
0.05 93,960 32,886 126,846 38,054 150,059
0.10 171,183 59,914 231,097 69,329 273,388
0.50 870,475 304,666 1,175,141 352,542 1,390,192
1.00 1,939,145 678,701 2,617,846 785,354 3,096,912
10,000,000
& 1,000,000
[@)]
[ee]
0]
A
2 100,000
)
8
S
©
O 10,000
1000 L1 L Lol Lol Ll L1 1iiin
0.00001 0.0001 0.001 0.01 0.1 1 10
Flow (MGD)

Figure4-1. Plate and Frame Filtration (Sudge Stream) Tota Capita Cost Curve -
All Metas Options
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EPA cdculated land requirements for the plate and frame pressure filtration systems using the
sysemdimensons plus a 20-foot perimeter. Theland requirement curveis presented as Figure 4-2. The
land requirement equetion for al Metas Options dudge filtration isthe same and is:

In(Y3) =-1.971 + 0.281In(X) + 0.018(In(X))? (4-2)
where:

X = How Rate (MGD) of Liquid Stream and

Y 3 = Land Requirement (Acres).
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Figure4-2.  Plate and Frame Filtration (Sudge Stream) Land Requirement Curve -
All Metds Options
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Operation and Maintenance Costs Metals Options 2 and 3

The operation and maintenance costs for Metals Options 2 and 3 plate and frame dudge filtration
consgt of labor, dectricity, maintenance, and taxes and insurance. EPA approximated the labor
requirements for the plate and frame dudge filtration system to be thirty minutes per batch based on the
Metds Options 2 and 3 modd facility. Because no chemicds are used with the plate and frame dudge
filtration units, EPA did not include costs for chemicas. EPA estimated e ectricity, maintenance, and taxes
and insurance using the factors listed in Table 1-2.

Table 4-2 presents the itemized O& M cost estimates for the plate and frame dudge filtration
sysems for Metals Options 2 and 3. Theresulting cost curve ispresented asFigure4-3. The O&M cost
equation for the Metals Options 2 and 3 dudge filtration systemsis:

In(Y?2) = 12.239 + 0.388In(X) + 0.016(In(X))? (4-3)
where:

X = How Rate (MGD) of Liquid Stream and

Y2 =0&M Cost (1989 $/YR).
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Table4-2. O&M Cost Estimates for Plate and Frame Pressure Filtration - Metals Options 2 and 3
(Sludge Stream - Excluding Filter Cake Disposa Costs)

Wastewater Taxes O&M
Influent How Energy Mantenance & Insurance Labor Cost
(MGD) (1989 $/YR)
0.000001 1,000 404 202 17,730 19,336
0.00001 1,000 404 202 17,730 19,336
0.0001 1,001 414 207 17,730 19,352
0.001 1,005 632 316 35,457 37,410
0.01 1,010 1,882 941 53,549 57,382
0.10 1,104 10,935 5,468 53,549 71,056
0.50 1,520 55,607 27,804 62,504 147,435
1.0 2,040 123,876 61,938 71,550 259,404
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Figure4-3. Plate and Frame Filtration (Sudge Stream) O&M Cost Curve -
Metads Options 2 and 3
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Figure4-4.  Plate and Frame Filtration (Sudge Stream) O&M Upgrade Cost Curve -
Metas Options 2 and 3

For facilities whichalready have a dudge filtrationsystem in-place, EPA included plate and frame
filtration O&M upgrade costs.  Since the dudge generated from the secondary precipitation and
clarificaionstepsinMetas Options 2 and 3 is the dudge whichrequirestrestment for these options, these
facilities would be required to improve pollutant removas from their secondary precipitation current
performance concentrations to the long term averages for Metds Options 2 and 3. Therefore, EPA
caculated the percent difference between secondary precipitation current performance and the Metals
Options 2 and 3 long-term averages. EPA determined this percentage to be anincrease of three percent.

For fadilities which currently have dudge filtration sysemsin place, for Metads Options 2 and 3,
EPA included an O& M upgrade cost whichisthree percent of the O& M cogts of a new system (except

for taxes and insurance, which are afunction of the capita cogt).
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Table 4-3 presents the itemized O& M upgrade cost estimates for the Metds Options 2 and 3
dudgefiltration systems. Figure 4-4 presents the resulting cost curve. The O&M upgrade cost equation
for the Metals Options 2 and 3 dudgefiltration systemsis:

In(Y2) = 8.499 + 0.331In(X) + 0.013(In(X))? (4-4)
where:

X = How Rate (MGD) of Liquid Stream and

Y2 =0&M Cost (1989 $/YR).

Table4-3. O&M Upgrade Cost Estimates for Plate and Frame Filtration - Metals Options
2 and 3 (Sudge Stream - Excluding Filter Cake Disposal Costs)

Wastewater O&M
Influent Flow Energy Maintenance Labor Cost
(MGD) (1989 $/YR)
0.000001 30 12 531 603
0.00001 30 12 531 603
0.0001 30 12 531 603
0.001 30 18 1,063 1,141
0.01 30 56 1,606 1,722
0.05 31 180 1,606 1,848
0.10 33 328 1,606 2,000
0.50 45 1,668 1,875 3,633
1.0 61 3,716 2,146 5,984
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Operation and Maintenance Costs - Metals Option 4

The operation and maintenance cogts for Metals Option 4 consists of labor, chemical usage,
electricity, maintenance, taxes, and insurance, and filter cake disposa. The O&M plate and frame dudge
filtrationcosting methodol ogy for Metals Option4 isvery Smilar to theonediscussed previoudy for Metals
Options 2 and 3. The primary differences in the methodologies are the estimation of labor, the incluson
of filter cake disposd, and the O&M upgrade methodology.

EPA approximated the labor requirement for Metals Option 4 plate and frame dudge filtration
systems at 2 to 8 hours per day depending onthe Sze of the system.  Aswasthe casefor Metas Options
2 and 3, no chemicals are used in the plate and frame dudge filtration units for Metals Option4, and EPA
estimated dectricity, maintenance and taxes and insurance using the factorslisted in Table 1-2. EPAdso
included filter cake disposal costs at $0.74 per gdlonof filter cake. A detailed discussion of the basisfor
the filter cake digposal costsis presented in Section 4.2.

Table 4-4 presentsthe itemized O& M estimatesfor the Metds Option 4 dudge filtration systems.
Fgure 4-5 shows the resulting cost curve. The O&M cost equation for the Metals Option 4 dudge

filtration sygemsis.

In(Y?2) = 15.9321 + 1.177In(X) + 0.04697(In(X))? (4-5)
where:

X = How Rate (MGD) of Liquid Stream and

Y2 =0&M Cost (1989 $/YR).
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Table4-4. O&M Cog Estimates for Plate and Frame Pressure Filtration - Metals Option 4
(Sludge Stream - Including Filter Cake Disposa Costs)

Flow Taxes Filter Total O&M
Energy Maintenance & Labor Cake Cost
(MGD) Insurance Disposal (1989 $/YR)
0.000001 1,000 404 202 7,800 8 9,414
0.00001 1,000 404 202 7,800 77 9,483
0.0001 1,001 414 209 11,700 770 14,094
0.001 1,005 632 316 11,700 7,696 21,349
0.01 1,010 1,882 941 15,600 76,960 96,393
0.1 1,104 10,935 5,468 19,500 769,600 806,607
0.5 1,520 55,607 27,804 23,400 3,848,000 3,956,331
1.0 2,040 123,876 61,938 31,200 7,696,000 7,915,054
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Figure 4-5. Plate and Frame Filtration (Sludge Stream) O& M Cost Curve - Metas Option 4
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For fadlities which aready have a dudge filtration system in-place, EPA included dudge stream
filtraion O&M upgrade costs. For Metas Option 4, EPA included these O&M upgrade costs for
processing the dudge generated from the primary precipitation and clarification steps®. These fadilities
would need to improve pollutant removas from ther primary precipitation current performance
concentrations to Metds Option 4 (Sample Point-03) concentrations. This sample point represents the
effluent from the liquid-solids separation unit following primary chemicd precipitationat the Metds Option
4 modd facility. Therefore, EPA caculated the percent difference between primary precipitation current
performanceconcentrations and Meta's Option4 (Sample Point 03) concentrations. EPA determined that
there was an increase of two percent.

As such, for fadilitieswhich currently have dudge filtration sysemsin place, for Metds Option 4,
EPA included an O&M cost upgrade of two percent of the total O&M costs (except for taxes and
insurance, which are afunction of the capita cost).

Table 4-5 presents the itemized O&M upgrade cost estimates for the Metds Option 4 dudge
filtration systems. Figure 4-6 presents the resulting cost curve. The O& M upgrade cost equation for the
Metas Option 4 dudge filtration systemsis:

In(Y?2) = 12.014 + 1.17846In(X) + 0.050(In(X))? (4-6)
where:

X = How Rate (MGD) of Liquid Stream and

Y2 =0&M Cost (1989 $/YR).

Table4-5. O&M Upgrade Cost Estimates for Plate and Frame Filtration - Metals Option 4

3 EPA did not include O&M upgrade costs for the dudge generated from the secondary precipitation and
clarification step (direct dischargers only).
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(Sludge Stream - Including Filter Cake Disposd Costs)

Wastewater Filter Total O&M
Influent Flow Cake Energy Maintenance L abor Cost
(MGD) Disposal (1989 $/'YR)
0.000001 1 20 8 156 185
0.00001 2 20 8 156 186
0.0001 15 20 8 234 277
0.001 154 20 13 234 421
0.01 1,539 20 38 312 1,909
0.1 15,392 22 219 390 16,023
0.5 76,960 30 1,112 468 78,570
1.0 153,920 41 2,478 624 157,063
1,000,000
2 100,000
S
(@]
[ee}
(@]
A 10,000
1)
@]
@)
=
3 1,000
100 AN I I A T 1 Y T 111N 1O AN B IO A M A1 N B BN W1
0.00001 0.0001 0.001 0.01 0.1 1 10
Flow (MGD)

Figure4-6. Plate and Frame Filtration (Sudge Stream) O&M Upgrade Cost Curve -
Metas Option 4
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42  Filter CakeDisposal

Theliquid streamand dudge stream pressure filtration systems presented in Sections 2.2 and 4.1,
repectively, generate a filter cake resdua. There is an annud O&M cogt that is associated with the
disposd of thisresidua. Thiscost must be added to the pressurefiltration equipment O& M cogsto arrive
at the total O&M costs for pressure filtration operatiort'.

To determine the cost of transporting and disposingfilter caketo anoff-stefadlity, EPA performed
an analysis on a subset of questionnaire respondents in the WTI Questionnaire response database. This
subset cons gts of metds subcategory fadilitiesthat are direct and/or indirect dischargersand that provided
information on contract haul and disposal cost to hazardous (Subtitle C) and non-hazardous (Subtitle D)
landfills. From this set of responses, EPA tabulated two sets of costs -- those reported for Subtitle C
contract haul and disposal and those reported for Subtitle D contract haul and disposal. the reported costs
for boththe Sulbtitle C and Subtitle D contract haul/disposal. EPA then edited thisinformation by excluding
data that was incomplete or that was not separated by RCRA classification.

EPA used the reported costsinformationin this data set to determine the median cost for both the
Subtitle C and Subtitle D disposal options, and then cal culated the weighted average of these mediancosts.
The average was weighted to reflect the ratio of hazardous (67 percent) to nonhazardous (33 percent)
waste receipts at these Metals Subcategory facilities. Thefina disposal cost is $0.74 per gdlon of filter
cake. Table 4-6 presentsthis analysis.

EPA cdculated a Sngle disposd cost for filter cake usng both hazardous and non-hazardous
landfillingcosts. Certain facilities will incur costs, however, that, in redlity, are higher and otherswill incur
codsthat, in redity, are lower. Thus, some low revenue metals subcategory facilities that generate non-
hazardous dudge may show a higher economic burden than is representative. On the other hand, some

low revenue metas subcategory fadlities that generate hazardous dudge may show a lower economic

4 Note that these costs have dready been included in the O&M equation for plate and frame sludge filtration
for Metals Option 4.
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burden than is representative. EPA has concluded that in the end, these over- and under estimates will
balance out to provide a representative cost across the industry.

EPA additiondly estimated an O& M upgradefor filter cakedi sposal resulting from Metas Options
2 and 3 for facilities that aready generatefilter cake as part of their operation.

Thisupgradeis 3 percent of the cost of the O& M upgrade for fedilitiesthat do not already generate
filter cake as a part of ther operation. EPA used 3 percent because this was the same percentage
cdculated for plate and frame dudge filtration for these same options.

Table4-6. CWT Metas Subcategory Filter Cake Disposal Costs
CWT QID Filtercake Quantity Total Cost Unit Cost

(Pounds per Year) (1989 $ per Year) (1989 $/G Filter Cake)

Subtitle C Landfills

022 2,632,000 250,000 0.95
072 8,834,801 835,484 0.95
080 6,389,520 711,000 111
089 9,456,000 602,471 0.64
100 968,000 125,964 1.30
105 13,230,000 1,164,200 0.88
255 3,030,000 530,250 175
257 151,650 12,450 0.82
284 5,850,000 789,000 1.35
288 297,234 36,750 124
294 2,628,600 390,000 1.48
449 36,000,000 2,000,000 0.56
MEDIAN 1.03

Subtitle D Landfills

067 15,393,486 276,160 0.18
072 440,000 24,200 0.55
119 30,410,880 361,000 0.19
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132 26,378,000 158,273 0.06
133 36,960,587 780,351 0.21
135 131,451,200 2,768,225 0.21
231 80,000,000 800,000 0.10
294 56,777,760 898,560 0.16
298 2,365,740 18,800 0.08
MEDIAN 0.16

Weighted Average of Subtitle C and D Landfills Median Vaues

Weighted Average ($1.03 @ 67% + $0.16 @ 33%)

0.74

Source:  WTI Questionnaire Data Base

Note: Pounds = Gallons X 8.34 X Specific Gravity (SG filtercake = 1.2)

Table 4-7 presents the cost estimates for the filter cake disposal O& M and filter cake disposal

O&M upgrades for Metds Options 2 and 3 systems.  Figures 4-7 and 4-8 present the resulting cost

curves. Equations 4-7 and 4-8 present the filter cake disposal O&M cost and O&M upgrade cost

equations.

Z = 0.109169 + 7,695,499.8(X)
Z =0.101186 + 230,879.8(X)
where:
X = How Rate (MGD) of Liquid Stream and
Z = Filter Cake Disposal Cost (1989 $/YR).
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Table 4-7. Filter Cake Disposa Cost Estimates for Plate and Frame Pressure Filtration Systems -

Metals Options 2 and 3
Wastewater Filter Cake Filter Cake
Influent How Digposa Costs Upgrade Disposa Costs
(MGD) (1989 $/YR) (1989 $'YR)
0.000001 8 1
0.00001 77 2
0.0001 770 23
0.001 7,696 231
0.01 76,960 2,309
0.05 384,800 11,544
0.10 769,600 23,088
0.50 3,848,000 115,440
1.0 7,696,000 230,880
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Figure 4-7. Filter Cake Digposal O&M Cost Curve for Plate and Frame Filtration Systems -
Metads Options 2 and 3
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Figure4-8. Filter Cake Disposal O&M Upgrade Cost Curve for Plate and Frame Filtration
Systems - Metals Options 2 and 3
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SECTIONS ADDITIONAL COSTS

51 Retrofit Costs

EPA assigned costs to the CWT Industry on both an option- and fadility-specific basis. The
option-specific gpproach estimated compliance cost for a sequence of individua treatment technologies,
corresponding to a particular regulatory option, for a subset of faclities defined as belonging to that
regulatory subcategory. Within the costing of a specific regulatory option, EPA assigned treatment
technology cogts on afacility-specific basis depending upon the technologies determined to be currently
in-place a the facility.

Once EPA determined that atrestment technology cost should be assigned to a particular facility,
EPA consdered two scenarios. Thefirst was the ingdlation of a new individud trestment technology as
apat of anew trestment train. The full capital costs presented in Sections 2 through 4 of this document
apply to this scenario. The second scenario was the ingdlation of anew individud trestment technology
whichwould have to be integrated into an existing in-place trestment train. For thesefacilities, EPA applied
retrofit costs. These retrofit costs cover such items as piping and structura modifications which would be
required in an exiging piece of eguipment to accommodate the ingtalation of anew piece of equipment
prior to or within an exiging treatment train.

For dl fadilitieswhichreceived retrofit costs, EPA added aretrofit factor of 20 percent of the total
capital cost of the newly-ingtalled or upgraded treatment technology unit that would need to be integrated
into anexiging treetment train. These costsarein addition to the specific treatment technology capital costs
ca culated with the technology specific equations described in earlier sections.
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5.2  Monitoring Costs

CWT facilities that discharge process wastewater directly to areceiving stream or indirectly to a
POTW will have monitoring costs. EPA regulations require both direct discharge with NPDES permits
and indirect dischargers subject to categorica pretrestment standards to monitor their effluent.

EPA used the following generdizations to estimate the CWT monitoring costs

1. EPA included andytica cost for parameters at each subcategory as follows.

C TSS, 0&G, Cr+6, total CN, and full metas analyses for the metds subcategory direct
dischargers, and Cr+6, total CN, and full metals analyses for the metals subcategory
indirect dischargers,

C TSS, O&G, and full metals and semi-volatiles andyses for the oils subcategory option 8

and 9 direct dischargers, and full metals, and semi-volatiles for ails subcategory options 8
and 9 indirect dischargers; and

C TSS, O&G, and full metds, volatiles and semi-volatiles andyses for the oils subcategory
direct dischargers, and ful metals, volatiles, and semi-volatiles for oils subcategory option
8V and 9V indirect dischargers, and

C TSS, BODs, O&G, 6 individud metas, volatiles, and semi-volatiles andyses for the
organics subcategory option 3 direct dischargers, and 6 individud metds, volatiles, and
semi-volatiles andyses for the organics subcategory option 3 indirect dischargers; and

C TSS, BOD;, O&G, 6 individud metas, and semi-volatiles analyses for the organics
subcategory option4 direct dischargers, and 6 individud metalsand semi-vol atilesanadyses
for the organics subcategory option 4 indirect dischargers.

EPA notes that these andytical costs may be overdated for the oils and the organics subcategories
because EPA’sfind ligt of regulated pollutants for these subcategoriesdo not includedl of the parameters
included above.
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2.

The monitoring frequencies are listed in Table 5-1 and are asfollows:

Table5-1. Monitoring Frequency Requirements

Monitoring Frequency (samples/month)

Parameter Metads Qils Organics
Subcategory  Subcategory Subcategory
Conventionas* 20 20 20
Total Cyanide and Cr+6 20 - -
Metds 20 4 4
Semi-Volatile Organics - 4 4
Volaile Org_;anics - 4** 4**

*

**

Conventional monitoring for direct dischargers only.
Volatile organics monitoring for oils option 8V and 9V and organics option 3 only.

For fadlities in multiple subcategories, EPA applied full multiple, subcategory-specific monitoring
Ccosts.

EPA based the monitoring costs on the number of outfalls through which process wastewater is

discharged. EPA multiplied the cost for asingle outfal by the number of outfdlsto arrive & the total
costs for a fadlity. For fadilities for which this information is not avallable, EPA assumed a sngle
outfal per facility.

EPA did not base monitoring costs on flow rate.

EPA did not include sample collection costs (Iabor and equipment) and sample shipping costs, and

The monitoring cost (based on frequency and andyticd methods) are incrementd to the monitoring
currently being incurred by the CWT Industry. EPA gpplied credit to facilitiesfor current monitoring-

in-place (MIP). For facilities where actuad monitoring frequencies are unknown, EPA estimated
monitoring frequencies based on other subcategory facilities with known monitoring frequencies.
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The cost of the analyses needed to determine compliancefor the CWT pollutants are shown bel ow
in Table 5-2. EPA obtained these costs from actua quotes given by vendors and converted to 1989
dollars using the ENR’s Congtruction Cost Index.

Table5-2. Andyticd Cost Egimates

Anayses Cost ($1989)

BOD; $20
TSS $10
0&G $32
Cr+6 $20
Total CN $30
Metds: $335

Totd (27 Metdls) $335

Per Metal $35
Volatile Organics (method 1624)? $285
Semi-volatile Organics (method 1625)* $615

1 For 10 or more metals, use the full metals analysis cost of $335.

2 There is no incremental cost per compound for methods 1624 and 1625 (although
there may be a dight savings if the entire scan does not have to be reported). Use
the full method cost, regardless of the actual number of constituent parameters
required.

5.3 Land Costs

An important factor inthe caculation of trestment technology costsisthe value of the land needed
for the ingalation of the technology. To determine the amount of land required for costing purposes, EPA
caculated the land requirementsfor each treetment technology for the range of systemsizes. EPA fit these
land requirementsto acurve and caculated land requirements, inacres, for every treestment system costed.
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EPA then multiplied the individud land requirements by the corresponding state land cost estimates to
obtain facility-gpecific cost estimates.

EPA used different land cost estimates for each state rather thana sngle nationwide average since
land costs may vary widdy across the country. To estimate land costs for each state, EPA obtained
average land costs for suburban stes for each state from the 1990 Guide to Industrial and Real Edtate
OfficeMarketssurvey. EPA based theseland costs on “ unimproved sites’ since, according to the survey,
they are the most desirable. Table5-3 presentsthe estimated unit land pricesfor the unimproved suburban

gtes of mgor cities and the averages for each state and region.

Table 5-3. Unimproved Land Costs for Suburban Areas - Region: Northeast

State City Land Costs ($/ft?)
0-10 10- 100 >100
Acres Acres Acres
Connecticut Hartford 137 0.92 0.58
New Haven 1.85 1.60 1.15
State Average Cost 161 1.26 0.87
Estimated State Cost/Acre($) 70,132 54,886 37,679
Maine Portland 0.60 0.40 0.35
State Average Cost 0.60 0.40 0.35
Estimated State Cost/Acre($) 26,136 17,424 15,246
M assachusetts Boston - 2.00 1.50
Springfield 1.45 1.10 0.75
State Average Cost 1.45 1.55 113
Estimated State Cost/Acre($) 63,162 67,518 49,005
New Hampshire Nashua 1.50 1.15 1.00
State Average Cost 150 1.15 1.00
Estimated State Cost/Acre($) 65,340 50,094 43,560
New Jersey Centra 2.00 1.50 1.00
Northern 4.00 3.50 2.50
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Table 5-3. Unimproved Land Costs for Suburban Areas - Region: Northeast

State City Land Costs ($/ft?)
0-10 10 - 100 >100
Acres Acres Acres
Southern 1.15 1.10 -
State Average Cost 2.38 2.03 1.75
Estimated State Cost/Acre($) 103,673 88,426 76,230
New York Albany 1.20 1.00 0.40
Buffao 0.25 0.15 0.12
Rochester 0.75 0.50 0.25
Rockland/Westchester Counties 20.00 12.00 -
Syracuse 0.40 0.35 0.25
State Average Cost 4.52 2.80 0.26
Estimated State Cost/Acre($) 196,891 121,968 11,180
Pennsylvania Philadel phia 0.90 0.80 0.80
Pittsburgh 1.00 0.60 0.35
State Average Cost 0.95 0.70 0.58
Estimated State Cost/Acre($) 41,382 30,492 25,047
Rhode Island * * *
Vermont * * *
REGIONAL AVERAGE REGIONAL COST 1.86 141 0.85
ESTIMATED REGIONAL 80,959 61,544 36,964
COST/ACRE($)
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Table 5-3. Unimproved Land Costs for Suburban Areas - Region: North Centra

State City Land Costs ($/ft?)
0-10 10- 100 >100
Acres Acres Acres
Illinois Chicago 1.65 1.50 1.25
Quad Cities 0.25 0.20 0.15
State Average Cost 0.95 0.85 0.70
Estimated State Cost/Acre($) 41,382 37,026 30,492
Indiana Gary-Hammond 0.60 0.60 0.50
Indianapolis 2.30 - -
South Bend 0.34 0.20 0.10
Terre Haute 0.50 0.10 0.05
State Average Cost 0.94 0.30 0.22
Estimated State Cost/Acre($) 40,728 13,068 9,438
lowa Des Moines 0.30 0.25 0.20
Quad Cities 0.25 0.20 0.15
Sioux City 0.25 0.15 0.10
State Average Cost 0.27 0.20 0.15
Estimated State Cost/Acre($) 11,616 8,712 6,534
Kansas Kansas City - 0.20 0.20
Wichita 0.23 0.09 0.02
State Average Cost 0.23 0.15 0.11
Estimated State Cost/Acre($) 10,019 6,316 4,792
Michigan Grand Rapids 0.85 0.40 0.18
Jackson 0.20 0.15 0.10
State Average Cost 0.53 0.28 0.14
Estimated State Cost/Acre($) 22,869 11,979 6,098
Minnesota Minneapolis/ St. Paul 1.00 0.25 0.20
State Average Cost 1.00 0.25 0.20
Estimated State Cost/Acre($) 43,560 10,890 8,712
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Table 5-3. Unimproved Land Costs for Suburban Areas - Region: North Centra

State City Land Costs ($/ft?)
0-10 10- 100 >100
Acres Acres Acres
Missouri Kansas City - 0.20 0.20
St Louis 1.50 1.10 1.00
State Average Cost 150 0.65 0.60
Estimated State Cost/Acre($) 65,340 28,314 26,136
Ohio Akron 0.80 0.25 0.20
Cincinnati 0.75 0.50 0.55
Cleveland 0.40 0.30 0.17
Columbus 0.25 0.18 0.12
Dayton 0.25 0.20 0.15
State Average Cost 0.49 0.29 0.23
Estimated State Cost/Acre($) 21,344 12,458 9,932
Nebraska Omaha 0.70 0.60 0.40
State Average Cost 0.70 0.60 0.40
Estimated State Cost/Acre($) 30,492 26,136 17,424
North Dakota * * *
South Dakota * * *
Wisconsin Milwaukee 0.60 0.35 0.25
State Average Cost 0.60 0.35 0.25
Estimated State Cost/Acre($) 26,136 15,246 10,890
REGIONAL AVERAGE REGIONAL COST 0.72 0.89 0.30
ESTIMATED REGIONAL 31,407 16,988 13,068
COST/ACRE(%)
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Table 5-3. Unimproved Land Costs for Suburban Areas - Region: South

State City Land Costs ($/ft?)
0-10 10 - 100 >100
Acres Acres Acres
Alabama Birmingham 1.00 0.50 0.30
Mohbile 0.75 0.50 0.50
State Average Cost 0.88 0.50 0.40
Estimated State Cost/Acre($) 38,115 21,780 17,424
Arkansas Fort Smith 0.75 0.60 0.50
Little Rock 0.15 0.10 0.10
State Average Cost 0.45 0.35 0.30
Estimated State Cost/Acre($) 19,602 15,028 13,068
Delaware Wilmington 1.50 1.25 1.00
State Average Cost 150 1.25 1.00
Estimated State Cost/Acre($) 65,340 54,450 43,560
Florida Jacksonville 1.00 1.00 0.75
Ft Lauderdale 4.50 3.50 3.50
Lakeland 0.45 0.45 0.30
Melbourne/ South Brevard Cty 0.80 0.80 0.80
Miami 3.00 1.60 -
Orlando 1.25 0.50 0.50
Sarasota/Bradenton 0.85 0.65 0.50
Tampa 1.75 1.25 1.25
West Palm Beach 3.10 2.25 1.75
State Average Cost 1.86 1.33 1.17
Estimated State Cost/Acre($) 80,828 58,080 50,911
Georgia Atlanta 2.00 1.75 1.25
State Average Cost 2.00 1.75 1.25
Estimated State Cost/Acre($) 87,120 76,230 54,450
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Table 5-3. Unimproved Land Costs for Suburban Areas - Region: South

State City Land Costs ($/ft?)
0-10 10 - 100 >100
Acres Acres Acres
Kentucky Louisville 0.80 0.70 0.50
State Average Cost 0.80 0.70 0.50
Estimated State Cost/Acre($) 34,848 30,492 21,780
Louisiana New Orleans 2.00 2.00 2.00
Shreveport 1.00 0.50 0.30
State Average Cost 1.50 1.25 1.15
Estimated State Cost/Acre($) 65,340 54,450 50,094
Maryland Baltimore 3.00 3.00 175
State Average Cost 3.00 3.00 1.75
Estimated State Cost/Acre($) 130,680 130,680 76,230
Mississippi Jackson 0.50 0.20 0.20
State Average Cost 0.50 0.20 0.20
Estimated State Cost/Acre($) 21,780 8,712 8,712
North Carolina Charlotte 0.50 0.40 0.30
Greensboro 0.90 0.75 -
Ralegh 1.00 1.50 1.00
State Average Cost 0.80 0.88 0.65
Estimated State Cost/Acre($) 34,848 38,478 28,314
Oklahoma Oklahoma City 0.70 0.75 0.50
Tulsa 0.50 0.50 0.40
State Average Cost 0.60 0.63 0.45
Estimated State Cost/Acre($) 26,136 27,225 19,602
South Carolina Charleston 0.75 0.50 0.30
Columbia 0.70 0.40 0.25
Greenville 0.65 0.45 0.40
State Average Cost 0.70 0.45 0.32
Estimated State Cost/Acre($) 30,492 19,602 13,794
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Table 5-3. Unimproved Land Costs for Suburban Areas - Region: South

State City Land Costs ($/ft?)
0-10 10 - 100 >100
Acres Acres Acres
Tennessee Chattanooga 0.40 0.60 0.50
Knoxville 0.45 0.25 0.15
Memphis 1.00 0.75 0.55
Nashville 0.80 0.50 0.50
State Average Cost 0.66 0.43 0.35
Estimated State Cost/Acre($) 28,859 18,513 15,246
Texas Audtin 0.75 0.60 0.50
Corpus Christi 1.25 0.50 0.20
Ddlas 2.50 2.00 1.50
Fort Worth 1.00 0.75 0.50
Houston 250 2.00 1.00
San Antonio 0.85 0.65 0.65
State Average Cost 1.48 1.08 0.73
Estimated State Cost/Acre($) 64,251 47,190 31,581
Virginia Richmond 0.75 1.00 0.75
Roanoke 1.25 1.00 0.75
State Average Cost 1.00 1.00 0.75
Estimated State Cost/Acre($) 43,560 43,560 32,670
District of Washington 4.50 3.50 -
Columbia State Average Cost 4.50 3.50 :
Estimated State Cost/Acre($) 196,020 152,460 -
West Virginia * * *
REGIONAL AVERAGE REGIONAL COST 1.39 114 0.73
ESTIMATED REGIONAL 60,521 49,658 31,857
COST/ACRE($)
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Table 5-3. Unimproved Land Costs for Suburban Areas - Region: West

State City Land Costs ($/ft?)
0-10 10- 100 >100
Acres Acres Acres
Alaska * * *
Arizona Phoenix 2.25 1.50 0.75
Tucson 1.00 0.60 0.25
State Average Cost 1.63 1.05 0.50
Estimated State Cost/Acre($) 70,785 45,738 21,780
Cdifornia Contra Costa 3.00 1.50 -
Orange County 12.00 11.00 -
San Fernando Valley 7.00 6.00 5.00
San Gabrid Vdley 7.50 4.50 -
South Bay 18.00 18.00 18.00
Marin & Sonoma Counties 4.00 2.50 -
San Diego 6.00 6.00 5.00
Stockton 1.20 0.60 0.50
State Average Cost 7.34 6.26 7.13
Estimated State Cost/Acre($) 319,622 272,795 310,365
Colorado Denver 1.25 1.00 0.75
State Average Cost 1.25 1.00 0.75
Estimated State Cost/Acre($) 54,450 43,560 32,670
Hawaii** Honolulu 30.00 20.00 -
State Average Cost 30.00 20.00 -
Estimated State Cost/Acre($) 1,306,800 871,200 -
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Table 5-3. Unimproved Land Costs for Suburban Areas - Region: West

State City Land Costs ($/ft?)
0-10 10- 100 >100
Acres Acres Acres
Idaho * * *
Montana * * *
Nevada Reno 1.25 0.75 0.50
State Average Cost 125 0.75 0.50
Estimated State Cost/Acre($) 54,450 32,670 21,780
New Mexico Albuquerque 1.00 0.50 0.35
State Average Cost 1.00 0.50 0.35
Estimated State Cost/Acre($) 43,560 21,780 15,246
Oregon Portland 2.00 1.00 0.50
State Average Cost 2.00 1.00 0.50
Estimated State Cost/Acre($) 87,120 43,560 21,780
Utah * * *
Washington Sedttle - Eastside 4.50 3.50 -
Spokane 0.35 0.20 0.11
State Average Cost 243 1.85 0.11
Estimated State Cost/Acre($) 105,633 80,586 4,792
Wyoming * * *
REGIONAL AVERAGE REGIONAL COST 241 177 141
ESTIMATED REGIONAL 104,980 77,101 61,233
COST/ACRE($)

*  No dataavailable for state, use regional average.
- Nodataavailable for city or areaindicated.
** Hawali was not included in the regiona average caculations.
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The survey additionally provides land costs broken down by Sze ranges. These are zero to 10
acres, 10 to 100 acres, and greater than 100 acres. Since CWT fadilities fdl into al three Sze ranges
(based on responses to the WTI Questionnaire), EPA averaged the three sze-gpecific land costsfor each
date to arrive at the final land costs for each state. Table 5-4 presents a summary of the estimated land
prices for each date.

The survey did not provideland cost estimatesfor Alaska, |daho, Montana, North Dakota, Rhode
Idand, South Dakota, Utah, Vermont or West Virginia. For these states, EPA used regiond averages of
land costs. EPA determined the states comprising each region aso based on the aforementioned survey
since the survey categorizes the states by geographica region (northeast, north central, south, and west).
In estimating the regiond average costsfor the westernregion, EPA did not include Hawalii snce Hawali's
land cogt is high and would have skewed the regiond average.

Table 5-5 ligs the land cost per acre for each sate. As Table 5-5 indicates, the least expensve
stateisKansaswithaland cost of $7,042 per acre and the most expensive stateis Hawaii withaland cost
of $1,089,000 per acre.
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Table5-4. Summary of Land Costs for Unimproved Suburban Aress -

R_egion: Northeast

State Land Costs per Acre ($)
0-10 Acres 10 - 100 Acres >100 Acres

Connecticut 70,132 54,886 37,679
Maine 26,136 17,424 15,246
Massachusetts 63,162 67,518 49,005
New Hampshire 65,340 50,094 43,560
New Jersey 103,673 88,426 76,230
New York 196,891 121,968 11,180
Pennsylvania 41,382 30,492 25,047
Rhode Island * * *

Vermont * * *

ESTIMATED REGIONAL COST/ACRE(%) 80,959 61,544 36,964

Region: North Central

Illinois 41,382 37,026 30,492
Indiana 40,728 13,068 9,438
lowa 11,616 8,712 6,534
Kansas 10,019 6,316 4,792
Michigan 22,869 11,979 6,098
Minnesota 43,560 10,890 8,712
Missouri 65,340 28,314 26,136
New Mexico * * *
Ohio 21,344 12,458 9,932
Nebraska 30,492 26,136 17,424
North Dakota * * *
South Dakota * * *
Wisconsin 26,136 15,246 10,890
ESTIMATED REGIONAL COST/ACRE(%) 31,407 16,988 13,068\
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Table 5-4 (cont.). Summary of Land Costs for Unimproved Suburban Areas -

Region: South
State Land Costs per Acre ($)
0- 10 Acres 10 - 100 Acres >100 Acres
Alabama 38,115 21,780 17,424
Arkansas 19,602 15,028 13,068
Delaware 65,340 54,450 43,560
Florida 80,828 58,080 50,911
Georgia 87,120 76,230 54,450
Kentucky 34,848 30,492 21,780
Louisiana 65,340 54,450 50,094
Maryland 130,680 130,680 76,230
Mississippi 21,780 8,712 8,712
North Carolina 34,848 38,478 28,314
Oklahoma 26,136 27,225 19,602
South Carolina 30,492 19,602 13,794
Tennessee 28,859 18,513 15,246
Texas 64,251 47,190 31,581
Virginia 43,560 43,560 32,670
District of Columbia 196,020 152,460 -
West Virginia * * *
ESTIMATED REGIONAL COST/ACRE($) 967,819.00 796,940.00 477,536.00
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Table 5-4 (cont.). Summary of Land Costs for Unimproved Suburban Areas -

Region: West
State Land Costs per Acre ($)
0- 10 Acres 10 - 100 Acres  >100 Acres

Alaska * * *
Arizona 70,785 45,738 21,780
Cdifornia 319,622 272,795 310,365
Colorado 54,450 43,560 32,670
Hawaii** 1,306,800 871,200 *
Idaho * * *
Montana * * *
Nevada 54,450 32,670 21,780
New Mexico 43,560 21,780 15,246
Oregon 87,120 43,560 21,780
Utah * * *
Washington 105,633 80,586 4,792
Wyoming * * *
ESTIMATED REGIONAL 2,042,420.00 1,411,899.00 428,513.00
COST/ACRE($)**

* No data available for state, use regiona average.

* Hawaii was not included in the regional average calculations.
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Table 5-5. State Land Costs for the CWT Industry

State Land Cost per Acre State Land Cost per Acre

(1989 $) (1989 $)
Algbama 0.00 Nebraska 24,684
Alaska* 0.00 Nevada 36,300
Arizona 0.00 New Hampshire 52,998
Arkansas 0.00 New Jersey 89,443
Cdifornia 0.00 New Mexico 26,929
Colorado 0.00 New York 110,013
Connecticut 0.00 North Carolina 33,880
Delaware 0.00 North Dakota* 20,488
Florida 0.00 Ohio 14,578
Georgia 0.00 Oklahoma 24,321
Hawaii 1,089,000 Oregon 50,820
| daho* 81,105 Pennsylvania 32,307
Illinois 36,300 Rhode Island* 59,822
Indiana 21,078 South Carolina 21,296
lowa 8,954 South Dakota* 20,488
Kansas 7,042 Tennessee 20,873
Kentucky 29,040 Texas 47,674
Louisiana 56,628 Utah* 81,105
Maine 19,602 Vermont* 59,822
Maryland 112,530 Virginia 39,930
M assachusetts 59,895 Washington 63,670
Michigan 13,649 West Virginia* 47,345
Minnesota 21,054 Wisconsin 17,424
Mississippi 13,068 Wyoming* 81,105
Missouri 39,930 Washington DC 174,240
M ontana* 81,105

*

No data available for state, use regional average.
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SECTION 6 M ULTIPLE WASTESTREAM SUBCATEGORY COST ESTIMATES

6.1  Implementation of a Fourth Subcategory

Inthe 1999 proposal, EPA proposed to establishlimitations and standards for three subcategories
of CWT fadllities fadlitiestreting either metd, aily, or organic wastes and wastewater. Section VI of
the proposal detailed this subcategorization scheme. See 64 FR 2300 (1999). While EPA did not
propose limitations and standards for a multiple wastestream subcategory, the proposal did discussEPA’s
consideration of a multiple wastestream subcategory. The proposa explained that multiple wastestream
subcategory limitations, if adopted, would apply to facilitiesthat treat wastesin more thanone subcategory.
EPA would establish limitations and standards for the multiple wastestream subcategory by combining
pollutant limitations from the three subcategories, where relevant, and selecting the most stringent vaue
where they overlap.

EPA’s condderation of this option responded to comments to the 1995 proposal and the 1996
Notice of Data Availability. The primary reason some members of the waste treatment indusiry favored
development of a multiple wastestream subcategory was to amplify implementation for faallities tresting
wastes covered by multiple subcategories. As detailed in the proposa, EPA’s primary reason for not
proposing (and adopting) this option was its concern thet facilities that accept wastes in multiple
subcategories need to provide effective treetment of al waste receipts. Thisconcernwasbased onEPA’s
data that showed such facilities did not currently have adequate treatment-in-place. While these facilities
meet their permit limitations, EPA concluded that compliance was likdly achieved through co-dilution of
dissmilar wastes rather than trestment.  As a result, EPA determined that adoption of “multiple
wastestream subcategory” limitations as described above could arguably encourage ineffective trestment.

EPA solicited comments on ways to develop a“ multiple wastestream subcategory” whichensures
trestment rather than dilution. The vast mgjority of comments on the 1999 proposal supported the
esablishment of a multiple wastestream subcategory for this rule, and re-iterated their concerns about
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implementing the three-subcategory scheme at multiple-subcategory facilities. One commenter suggested
away to implement afourth subcategory while ensuring trestment.  This commenter suggested that EPA
followtheapproachtakenfor the Pesticide Formulaing, Packaging and Repackaging (PFPR) Point Source
category (40 CFR Part 455). Under thisagpproach, multi plewastestream subcategory facilitieswould have
the option of 1) monitoring for compliancewiththe appropriate subcategory limitations after each trestment
gep or 2) monitoring for compliance with the multiple wastestream subcategory limitations at a combined
discharge point and certifying that equivdent trestment to that which would be required for each
subcategory waste separately isingtaled and properly designed, maintained, and operated. This option
would diminate the use of the combined wastestream formula or building block approach in calculating
limits or standards for multiple wastestream subcategory CWT facilities (The combined wastestream
formula and the building block approach are discussed in more detail in Chapter 14 of the Find Technical
Development Document). Commenters suggested that an equivaent trestment system could be defined
as awastewater trestment system that is demonstrated to achieve comparable removals to the trestment
system on which EPA based the limitations and standards. Ways of demondirating equivaence might
includedatafromrecognized sources of informationon pollutioncontrol, trestabilitytests, or sef-monitoring
data showing comparable removals to the gpplicable pollution control technology.

EPA concluded that the approaches adopted in the PFPR rule address the concerns identified
earlier. EPA agreed with commenters that developing appropriate limitations on a site-specific basis for
multiple wastestream fadilities presents many chdlenges and that the use of a multiple wastestream
subcategory would dmplify implementation of the rule.  Moreover, the limits gpplied to multiple
wastestream treaters would be a compilation of the most stringent limitsfrom each gpplicable subcategory
and would generdly be smilar to or dricter than the limits caculated via the gpplication of the combined
wastestream formula or building block approach. Mot sgnificantly, the equivalent trestment certification

requirement would address EPA’ s concerns that the wastes receive adequate trestment.
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Therefore, EPA has established a fourth subcategory: the multiple wastestream subcategory.
Section X111.A.5.b of the preamble to the find rule details the manner in which EPA envisons the multiple
wastestream subcategory will beimplemented. Further, EPA is preparing aguidance manud to ad permit
writerg/'control authorities and CWT facilities in implementing the certification process. EPA’s 1999
proposal was based on establishing limitations and standards for three subcategories of CWT fadilities
fadlitiestreeting either metals, oils, or organic wastes and wastewater. Asdetailedinthe proposd, multiple
wastestream subcategory limitations would be used for facilities which treat wastes in more than one
subcategory, and would be established by combining pollutant limitations from al three subcategories,
selecting the mogt stringent value where they overlap.

6.2 Methodology Used for Cost Estimates

EPA has developed cost estimates for the Multiple Wastestream Subcategory based upon data
gathered and andyses performed for the origind three subcategories. Metas Subcategory, Oils
Subcategory, and Organics Subcategory.

Cog egtimates for the Multiple Wastestream Subcategory were devel oped for Metals Option 4,
Cyanide Option 2, Qils Option 8, and Organics Option 4. The costing methodology followed for the
development of the Multiple Wastestream Subcategory cost estimatesis asfollows:

1. Obtain cost estimates for the oils subcategory Option 8 using the ails flowrate only.

2. Obtain cost estimates for the cyanide subsection using the cyanide flowrate only.

3. Combine ailsand metals and cyanide subcategory flowrates and obtain cost estimatesfor the
Metas Option 4. (The chemica dosages were adjusted to include the additiond metals

contributed by the oils subcategory effluent).

4. Comhbine ails, metas, cyanide, and organicsflowratesand devel op cost estimatesfor Organics
Option 4.
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5. The monitoring cost estimates were only developed once at the following frequency

requirements:

Conventionals* 20 sampless/month
Tota Cyanide, CR'® 20 samples'month
Metals* 20 sampless/month

Semi-Volatiles 4 samples'month

*  Conventional were monitored only at direct dischargers
**  For the ailg/organic only mix, the metals monitoring frequency is 4 samples/month

6. Plant TIP was taken into account when developing the cost estimates in the same manner as
before.
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